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(57) Abstract: The present invention relates 
to a polymeric compositions which can be used 
to form a variety of biodegradable objects and 
to methods for making the same. In particular, 
the present invention relates to polymers made 
from a combination of: (1) the combination of 
at least two di-p-toluenesulfonic acid salts of a 
bis-(oc-amino acid) a,C0-alkylene diester with at 
least one active diester; (2) the combination of 
at least two di-p-toluenesulfonic acid salts of a 
bis-(oc-amino acid) a, co-alky lene diester with at 
least one active bis-carbonate of a diol; (3) the 
combination of at least one di-p-toluenesulfonic 
acid salts of a bis-(a-amino acid) a, CO- alky lene 
diester and at least one di-p-toluenesulfonic acid 
salt of an ester {e.g., a diamino ester) with at 
least one active diester; and (4) the combination 
of at least one di-p-toluenesulfonic acid salts 
of a bis-(oc-amino acid) oc,co-alkylene diester 
and at least one di-p-toluenesulfonic acid salt 
of an ester (e.g., a diamino ester) with at least 
one active bis-carbonate of a dioL The present 
invention also relates to methods for making the 
above mentioned polymers and uses for same. 
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CO-POLY(ESTER AMIDE) AND CO-POLY( ESTER URETHANE) 
COMPOSITIONS WHICH EXHIBIT BIODEGRADABLITY, 
METHODS FOR MAKING SAME AND USES FOR SAME 



5 FIELD OF THE INVENTION 

The invention described herein relates generally to polymeric compositions 
which can be used to form a variety of biodegradable objects and to methods for 
making the same. In particular, the present invention relates to polymers made 
from: (1) the combination of at least two di-p-toiuenesulfonic acid salts of a bis-(a- 

1 0 amino acid) a, w-alkylene diester with at least one active diester; (2) the combination 
of at least two di-p-toluenesulfonic acid salts of a bis-(a-amino acid) a,oi>-alkylene 
diester with at least one active bis-carbonate of a diol; (3) the combination of at least 
one di-p-toluenesulfonic acid salts of a bis-(a-amino acid) a,u)-alkylene diester and 
at least one di-p-toluenesulfonic acid salt of an ester (e.g., a diamino ester) with at 

15 least one active diester; and (4) the combination of at least one di-p-toluenesulfonic 
acid salts of a bis-(a-amino acid) a,co-alkylene diester and at least one di-p- 
toluenesulfonic acid salt of an ester (e.g., a diamino ester) with at least one active 
bis-carbonate of a diol. The present invention also relates to methods for making 
the above mentioned compounds and uses for same. 

20 BACKGROUND OF THE INVENTION 

Several polymers have been described in the art as being degradable, 
biodegradable, compostable, and the like. However, such polymers typically suffer 
from numerous limitations and/or drawbacks which detract from their utility in a 
number of applications. For example, conventional poly-ct-amino acids (PAAs) are 
25 difficult and costly to manufacture via a ring-opening polymerization process which 
utilizes unstable and expensive N-carboxyanhyd rides. One such process is shown 
below. 
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Further problems common to poly-a-amino acids formulated by the above 
process include insolubility in common organic solvents, susceptibility to thermal 
degradation during a melting process; rates of biodegradation that are too slow for 
biomedical engineering uses; and an increase in immunogenicity with increasing 
molecular complexity (e.g., increased branching) and the number of a-amino acid 
residues present in the copolymer. 



n/k HX • (H 2 N~CH(R)-CO)~0-^ /~~ N °2 




Cr"NH 



n Q ~ — C NH \ k = 3 or more , 

Whr / -(-NH-CHCO^ 

T / 

O / Nylon-2 



Thus, there is a need for degradable, biodegradable, and/or compostable 
polymers which are less expensive to produce, posses a wide range of chemical, 
biological and material properties, and are easy to process into a desired 
10 biodegradable object 



SUMMARY OF THE INVENTION 

The present invention relates to polymers made using: (1) the combination of 
at least two di-p-toluenesulfonic acid salts of a bis-(ct-amino acid) a,u>-alkylene 
diester with at least one active diester; (2) the combination of at least two di-p- 

15 toluenesulfonic acid salts of a bis-(a~amino acid) a,u)-alkylene diester with at least 
one active bis-carbonate of a diol; (3) the combination of at least one di-p- 
toluenesulfonic acid salts of a bis-(a-amino acid) a,u)-alkylene diester and at least 
one di-p-toluenesulfonic acid salt of an ester (e.g. , a diamino ester) with at least one 
active diester; and (4) the combination of at least one di-p-toluenesulfonic acid salts 

20 of a bis-(oamino acid) a,u)-alkylene diester and at least one di-p-toluenesulfonic 
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acid salt of an ester (e.g., a diamino ester) with at least one active bis-carbonate of a 
diol. Methods for making the above co-poly(ester amide)s and co-poly(ester 
urethane)s are also disclosed herein. 

In accordance with one aspect of the invention, the present invention relates 
5 to co-poly(ester amide) compositions which contain at least two amino acid sub- 
components comprising repeating units according to the following formula: 

-{-[-C(O)-R 7 -C(O)-NH-CH(R 1 )-C(0)-O-R 3 -O-C(O)-CH(R 2 )-NH-] a 

• • • -[-C(0)-R 7 -C(0)-NH-CH(R 4 )-C(0)-0-R 6 -0-C(0)-CH(R 5 )-NH-] b -} n - (A) 

where R\ R 2 , R 4 and R 5 are independently selected from -CH 3 , -CH 2 CH 3 , 
10 linear and branched C 3 to C 20 alkyl, C 2 to C 3 thioalkyl, linear or branched C 4 to C 20 
thioalkyl, -CH 2 -C 6 H 5 , -CH 2 -CH 2 -C 6 H 5 , and linear and branched C 3 -C 20 alkyl with at 
least one terminal phenyl group; R 3 and R 6 are independently selected from -(CH 2 ) X -, 
where x is from 2 to about 40; R 7 is selected from -(CH 2 ) y -, where y is from 2 to 
about 40; n is from about 20 to about 500; the ratio of a/b is in the range of about 
15 90:10 to about 10:90; and at least one of R\ R 2 , R 3 or the first R 7 is different from at 
least one of R 4 , R 5 , R 6 or the second R 7 . 

In accordance with another aspect of the invention, the at least two amino 
acid sub-components of Formula (A) are different. 

In accordance with another aspect of the invention, the present invention 
20 relates to co-poly(ester amide) compositions which contain at least two amino acid 
sub-components comprising repeating units according to the following formula: 

-{-[-C(O)-R 7 -C(O)-NH-CH(R 1 )-C(O)-O-R 3 -O-C(O)-CH(R 2 )-NH-] 0 

• • • -[-C(O)-R 7 -C(O)-NH-CH(R 10 )-R 9 -NH-] d -} n - (B) 

where R 1 and R 2 are independently selected from -CH 3l -CH 2 CH 3 , linear and 
25 branched C 3 to C 20 alkyl, C 2 to C 3 thioalkyl, linear or branched C 4 to C 20 thioalkyl, 
-CH 2 -C 6 H 5 , -CH 2 -CH 2 -C 6 H 5 , and linear and branched C 3 -C 20 alkyl with at least one 
terminal phenyl group; R 3 is selected from -(CH 2 ) X -, where x is from 2 to about 40; R 7 
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is independently selected from -(CH 2 ) y -, where y is from 2 to about 40; R 9 is selected 
from -(CH 2 ) r -, where r is from 1 to about 40; R 10 is selected from -C(0)-O-C m H 2m+1 
where m is 1 to about 60, and -C(0)-0-R" where R" is selected from hydrogen, - 
CH 2 -C 6 H 5 , -CH 2 -CH 2 -C 6 H 5 , linear and branched C 3 -C 20 alkyl with at least one 
terminal phenyl group; n is about 10 to about 1 ,000; and the ratio of c/d is in the 
range of about 80:20 to about 20:80. 

In accordance with another aspect of the invention, the at least two amino 
acid sub-components of Formula (B) are different. 

In accordance with another aspect of invention, the first R 7 in Formula (B) is 
identical to the second R 7 in Formula (B). 

In accordance with another aspect of the invention, the present invention 
relates to co-poly(ester urethane) compositions which contain at least two amino 
acid sub-components comprising repeating units according to the following formula: 

-H-C(0)-0-R 8 -0-C(0)-NH-CH(R 1 )-C(0)-0-R 3 -0-C(0)-CH(R 2 )-NH-] e 

• • • ~[-C(0)-0-R 8 -0-C(0)-NH-CH(R 4 )-C(0)-0-R 6 -0-C(0)-CH(R 5 )-NH-] r } n - (C) 

where R\ R 2 , R 4 and R 5 are independently selected from -CH 3 , -CH 2 CH 3 , 
linear and branched C 3 to C 20 alkyl, C 2 to C 3 thioalkyl, linear or branched C 4 to C 20 
thioalkyl, -CH 2 -C 6 H 5 , -CH 2 -CH 2 -C 6 H 6 , and linear and branched C 3 -C 20 alkyl with at 
least one terminal phenyl group; R 3 and R 6 are independently selected from -(CH 2 ) X -, 
where x is from 2 to about 40; R 8 is selected from -(CH 2 ) Z -, where z is from 2 to 
about 40, and -(CH 2 ) r O~(CH 2 ) k -, where j and k are independently selected from 1 to 
about 20; n is about 10 to about 1 ,000; and the ratio of e/f is in the range of about 
90:10 to about 10:90; and at least one of R\ R 2 , R 3 or the first R 8 is different from at 
least one of R 4 , R 5 , R 6 or the second R 8 . 

In accordance with another aspect of the invention, the at least two amino 
acid sub-components of Formula (C) are different. 

In accordance with another aspect of the invention, the present invention 
relates to co-poly(ester urethane) compositions which contain at least two amino 
acid sub-components comprising repeating units according to the following formula: 
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-H-C(0)^0-R 8 -0-C(0)-NH-CH(R 1 )-CO-0-R 3 -0-CO-CH(R 2 )-NH-] g 

• • • ^C(O)-O-R 8 -O-C(O)-NH-CH(R 10 )-R 9 -NH-] h -} n - (D) 

where R 1 and R 2 are independently selected from -CH 3 , -CH 2 CH 3 , linear and 
branched C 3 to C 20 alky I, C 2 to C 3 thioalkyl, linear or branched C 4 to C 20 thioalkyl, 
5 -CH 2 -C 6 H 5 , -CH 2 -CH 2 -C 6 H 5 , and linear and branched C 3 -C 20 alkyl with at least one 
terminal phenyl group; R 3 is selected from -(CH 2 ) X -, where x is from 2 to about 40; 
each R 8 is independently selected from ~(CH 2 ) 2 -, where z is from 2 to about 40, and - 
(CH 2 )j-0-(CH 2 ) k -, where j and k are independently selected from 1 to about 20; R 9 is 
selected from -(CH 2 ) r , where r is from 1 to about 40; R 10 is selected from -C(0)-0- 
10 C m H 2m+1 where m is 1 to about 60, and -C(0)-0-R" where R" is selected from 

hydrogen, -CH 2 -C 6 H 5 , -CH 2 ^CH 2 -C 6 H 5 , linear and branched C 3 -C 20 alkyl with at least 
one terminal phenyl group; n is about 10 to about 1,000; and the ratio of g/h is in the 
range of about 80:20 to about 20:80. 

In accordance with another aspect of the invention, the at least two amino 
15 acid sub-components of Formula (D) are different. 

In accordance with another aspect of invention, the first R 8 in Formula (D) is 
identical to the second R 8 in Formula (D). 

In accordance with another aspect of the invention, the present invention 
relates to a method for producing biodegradable polymers comprising the steps of: 
20 (A) combining at least one di-p-toluenesulfonic acid salt of a bis-(a-amino acid) a,oo- 
alkylene diesters according to Formulas (la) and/or (lb) and optionally at least one 
di-p-toluenesulfonic acid salt of an ester according to Formula (IV) with at least one 
active diester according to Formula (II) or at least one active bis-carbonate of a diol 
according to Formula (III): 



25 TosOH • H 2 N-CH(R 1 )-C(0)-0-R 3 -0-C(0)-CH(R 2 )-NH 2 • HOTos (la) 

TosOH • H 2 N-CH(R 4 )-C(0)-0-R 6 -0-C(0)-CH(R 5 )-NH 2 • HOTos (lb) 

X-C(0)-R 7 -C(0)-X (II) 

X-C(0)-0-R 8 -0-C(0)-X (III) 

TosOH • H 2 N-CH(R 10 )-R 9 -NH 2 • HOTos (IV) 
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where R\ R 2 , R 4 and R 5 are independently selected from -CH 3 , -CH 2 CH 3) 
linear and branched C 3 to C 20 alkyl, C 2 to C 3 thioalkyl, linear or branched C 4 to C 20 
thioalkyl, -CH 2 -C 6 H 5J -CH 2 -CH 2 -C 6 H 5 , and linear and branched C 3 -C 20 alkyl with at 
least one terminal phenyl group; R 3 and R 6 are independently selected from ~(CH 2 ) x - } 
5 where x is from 2 to about 40; R 7 is selected from -(CH 2 ) y -, where y is from 2 to 

about 40; X is -0-C 6 H 4 -N0 2 ; R 8 is selected from -(CH 2 ) Z -, where z is from 2 to about 
40, and ~(CH 2 ) r O-(CH 2 ) k -, where j and k are independently selected from 1 to about 
20; R 9 is selected from -(CH 2 ) r -, where r is from 2 to about 40; and R 10 is selected 
from -C(0)-O-C m H 2m+1t where m is 1 to about 60, and -C(0)-0-R M where R" is 

10 selected from hydrogen, -CH 2 -C 6 H 5 , -CH 2 -CH 2 -C 6 H 5 , linear and branched C 3 -C 20 

alkyl with at least one terminal phenyl group; (B) adding a tertiary amine initiator to 
the mixture of (A); (C) mixing the mixture of (B) at room temperature while increasing 
the temperature of the mixture to a temperature in the range of about 
60 °C to about 120 °C; (D) subjecting the mixture of (B) to mixing at the final 

15 temperature of (C) for about 8 to about 16 hours; and (E) separating the polymer 
from the reaction by-products to yield a polymer product. 

In accordance with another aspect of the invention, the present invention 
relates to a method for producing biodegradable polymers using a combination in 
step (A) of one diester according to Formula (la), one diester according to Formula 

20 (lb) and one active diester according to Formula (II), wherein at least one of R\ R 2 
or R 3 is different from at least one of R 4 , R 5 or R 6 . 

In accordance with another aspect of the invention, the present invention 
relates to a method for producing biodegradable polymers using a combination in 
step (A) of one diester according to Formula (la) or (lb) and two active diesters 

25 according to Formula (II), wherein the R 7 groups in the active diesters according to 
Formula (II) are different 

In accordance with another aspect of the invention, the present invention 
relates to a method for producing biodegradable polymers using a combination in 
step (A) of one diester according to Formula (la) or (lb), one diester according to 

30 Formula (IV) and one active diester according to Formula (II). 
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In accordance with another aspect of the invention, the present invention 
relates to a method for producing biodegradable polymers using a combination in 
step (A) of one diester according to Formula (la), one diester according to Formula 
(lb) and one active bis-carbonate according to Formula (III), wherein at least one of 
5 R 1 , R 2 or R 3 is different from at least one of R 4 , R 5 or R 6 . 

In accordance with another aspect of the invention, the present invention 
relates to a method for producing biodegradable polymers using a combination in 
step (A) of one diester according to Formula (la) or (lb) and two active bis- 
carbonates according to Formula (III), wherein the R 8 groups in the active diesters 

10 according to Formula (III) are different. 

In accordance with another aspect of the invention, the present invention 
relates to a method for producing biodegradable polymers using a combination in 
step (A) of one diester according to Formula (la) or (lb), one diester according to 
Formula (IV) and one active bis-carbonate according to Formula (III). 

15 The foregoing compositions and/or methods provide any number of 

advantages. For example, the present biodegradable compositions and methods for 
providing the same are cost effective Additionally, the present invention provides 
both biodegradable polymers and methods for making the same which have a 
variety of desirable chemical, biological and/or mechanical properties. Furthermore, 

20 the amino acid based bioanalogous polymers yielded by the reactions of the present 
invention are easy to process using solution casting (using, for example, common 
organic solvents) and/or melt casting techniques. 

To the accomplishment of the foregoing and related ends, the invention, then, 
comprises the features hereinafter fully described and particularly pointed out in the 

25 claims. These embodiments are indicative, however, of but a few of the various 
ways in which the principles of the invention may be employed. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates wound covering formed using a polymer according to the 
present invention; 
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Figure 2 summarizes a method by which to produce polymers films from a 
polymer according to the present invention; and 

Figure 3 illustrates the function of the various portions of the wound covering 
of Figure 1. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention involves a method for producing a variety of amino acid 
based bioanalogous polymers made from derivatives of a-amino acids and/or other 
nontoxic compounds. In particular, the present invention relates to co-poly(ester 
amide)s made using: (1) the combination of at least two di-p-toluenesulfonic acid 
salts of a bis-(a~amino acid) a.w-alkylene diester with at least one active diester; and 
(2) the combination of at least one di-p-toluenesulfonic acid salts of a bis-(a-amino 
acid) a,to-a!kylene diester and at least one di-p-toluenesulfonic acid salt of an ester 
(e.g., a diamino ester) with at least one active diester; and also to co-poly(ester 
urethane)s made using: (3) the combination of at least two di-p-toluenesulfonic acid 
salts of a bis-(a-amino acid) a,oo-alkylene diester with at least one active bis- 
carbonate of a diol; and (4) the combination of at least one di-p-toluenesulfonic acid 
salts of a bis-(a-amino acid) a,(jo-alkylene diester and at least one di-p- 
toluenesulfonic acid salt of an ester (e.g., a diamino ester) with at least one active 
bis-carbonate of a diol. Methods for making the above co-poly(ester amide)s and 
co-poly(ester urethane)s are also disclosed herein. 

The present inventive compositions, and methods to produce the same, yield 
polymers which can be used to produce a wide range of biodegradable objects 
including, but not limited to, sutures, scaffolds (be they medical or otherwise), 
ligating clips and staples, surgical tubes or catheters, orthopedic implants, barriers to 
prevent tissue adhesion, vascular grafts, stent coatings (medicated or non- 
medicated), artificial skin (medicated or non-medicated), bone substitutes, self- 
reinforced composites, temporary templates for cell growth, temporary 
contraceptives (e.g., stoppers for closing a fallopian tube, etc.), tampons, 
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biodegradable time release patches (e.g., patches for use with one or more drugs, 
physiologically active substances and bactericides) and artificial glands for releasing 
bio-active peptides and/or proteins. 

Additionally, the present invention provides both biodegradable polymers and 
methods for making the same which have a variety of desirable chemical, biological 
and/or mechanical properties. Furthermore, the amino acid based bioanalogous 
polymers obtained by the reactions of the present invention are easy to process 
using solution casting (using, for example, common organic solvents) and/or melt 
casting techniques. 

It should be noted that in the following text and claims, range and ratio limits 
and/or range and time limits may be combined. As used throughout the text and 
claims "biodegradable", "biodegradability", "biodegradation" and the like means the 
capability of undergoing natural processes in which a material is broken down by 
metabolic processes of living organisms (e.g., humans, other mammals or animals, 
fungi, bacteria, etc.). In the presence of oxygen (aerobic biodegradation), these 
metabolic processes yield carbon dioxide, water, biomass, and minerals. Under 
anaerobic conditions (anaerobic biodegradation), methane may additionally be 
produced. 

Additionally, as used throughout the text and claims room temperature means 
a temperature in the range of about 20 °C to about 27 °C, and an amino acid means 
any naturally occurring or artificially produced amino acid. Also, TosOH is shorthand 
for the following formula: 



Co-Polv(ester amidels and Co-Polv(ester urethanete: 

The present invention relates to co-poly(ester amide)s and co-poly(ester 
urethane)s made from various combinations, as will be explained below, of Formulas 
(la), (lb), (II), (III) and (IV). 




9 



WO 03/062298 



PCT/US02/01258 



TosOH • H 2 N-CH(R 1 )-C(0)-0-R 3 -0-C(0)-CH(R 2 )-NH 2 • HOTos (la) 

TosOH • H 2 N-CH(R 4 )-C(0)-0-R 6 -0-C(0)-CH(R 5 )-NH 2 • HOTos (lb) 

X-C(0)-R 7 -C(0)-X (II) 

X-C(0)-0-R 8 -0-C(0)-X (III) 

5 TosOH • H 2 N-CH(R 10 )-R 9 -NH 2 • HOTos (IV) 



where R\ R 2 , R 4 and R 5 are independently selected from -CH 3 , -CH 2 CH 3 , linear and 
branched C 3 to C 20 alkyl, C 2 to C 3 thioalkyl (e.g., -CH 2 -S-CH 3 , -CH 2 -S-CH 2 -CH 3 , and 
-CH 2 -CH 2 -S-CH 3 ), linear or branched C 4 to C 20 thioalkyl, -CH 2 -C 6 H 5 , -CH 2 -CH 2 -C 6 H 5 , 
and linear and branched C 3 -C 20 alkyl with at least one terminal phenyl (-C 6 H 5 ) group; 

10 R 3 and R 6 are independently selected from -(CH 2 ) X -, where x is from 2 to about 40; 
R 7 is selected from -(CH 2 ) y -, where y is from 2 to about 40; R 8 is selected from - 
(CH 2 ) Z -, where z is from 2 to about 40, and -(CH 2 ) r O-(CH 2 ) k -, where j and k are 
independently selected from 1 to about 20; R 9 is selected from -(CH 2 ) r -, where r is 
from 1 to about 40; and R 10 is selected from -C(0)-0-C m H 2m+1 , where m is 1 to about 

15 60, and -C(0)-0-R" where R" is selected from hydrogen, -CH 2 -C 6 H 5 , -CH 2 -CH 2 -C 6 H 5 , 
linear and branched C 3 -C 20 alkyl with at least one terminal phenyl (-C 6 H 5 ) group. 

With regard to X, X is selected from -0-C 6 H 4 -N0 2 , phenols or thiophenols with 
one more electron-withdrawing substituents (e.g., one or more of F, CI, Br, N0 2 , CN, 
etc.) such as, but not limited to, those groups shown below: 
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where Q is selected from O or S. X can also be selected from benzazols, imidazols, 
pyrazols, lactams or thiolactams groups. Exemplary structures for such groups are 
shown below. It should be noted that X is not limited to the structures of the groups 
shown above, rather X can be any group having the same basic chemical structure 
5 as those shown either above or below. For example, 




etc. 



where Q is selected from O or S, and A is selected from NH, O or S. 

It should be noted that at least one of R\ R 2 or R 3 is different from at least 
one of R 4 , R 5 or R 6 (i.e., (la) is different from (lb)) in order for there to be present two 
different di-p~toluenesulfonic acid salts of a bis-(a-amino acid) a,co-alkylene diester 

10 in the reaction mixture. 

In another embodiment, when two or more active diesters according to 
Formula (II) are utilized in the reaction mixture, the active diesters differ in that each 
active diester has a different R 7 group. In another embodiment, when two or more 
active bis-carbonates according to Formula (III) are utilized in the reaction mixture, 

15 the active bis-carbonates differ in that each active bis-carbonates has a different R 8 
group. 

In another embodiment, R\ R 2 , R 4 and R 5 are independently selected from 
-CH 3 , -CH 2 CH 3 , linear and branched C 3 to C 6 alkyl, -CH 2 -CH 2 ~S-CH 3 , and -CH 2 -C 6 H 5 . 
In yet another embodiment, R 3 and R 6 are independently selected from -(CH 2 ) X -, 
20 where x is from 2 to about 20, even where x is from 2 to about 12. In still another 

embodiment, R 7 is selected from -(CH 2 ) y -, where y is from 2 to about 30, even where 
y is from 2 to about 20. In still another embodiment, R 8 is selected from -(CH 2 ) 2 -, 
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where z is from 2 to about 20, even where z is from 2 about 12, and 
-(CH 2 )2-0-(CH 2 ) 2 -. In still another embodiment, R 9 is selected from -(CH 2 ) r -, where r 
is from 2 to about 10, even where r is from 2 to about 6, or even where r is 4. In still 
another embodiment, R" is selected from hydrogen, -CH 2 -C 6 H 5 , and 
-C(0)-0-C m H 2m+1 where m is 1 to about 40, even where m is 4, 8, 12, 16 or 20. 

Co-Poly(ester amidels 
In one embodiment, the present invention relates to co-poly(ester amide)s 
according to Formula (A) made from the combination of at least two different di-p- 
toluenesulfonic acid salts of bis-(a-amino acid) a,u>-alkylene diester according to 
Formulas (la) and (lb) and at least one active diester according to Formula (II). The 
above compounds are reacted using a suitable polymerization reaction (e.g., a 
polycondensation reaction) to yield co-poly(ester amide) polymers according to 
Formula (A) below: 

-H-C(0)-R 7 -C(0)-NH-CH(R 1 )-C(0)-0-R 3 -0-C(0)-CH(R 2 )-NH-] a - • • • 

[-C(0)-R 7 -C(0)-NH-CH(R 4 )-C(0)-0-R 6 -0-C(0)-CH(R 5 )-NH-] b -} n - (A) 

where R\ R 2 , R 3 , R 4 , R 5 , R 6 and R 7 are as defined above; n is from about 10 to 
about 1000 and the ratio of a/b is in the range of about 90:10 to about 10:90. In 
another embodiment, the ratio of a/b is from about 75:25 to about 25:75; or even 
from about 60:40 to about 40:60. In another embodiment, n is from about 20 to 
about 500, or even from about 30 to about 300. 

In one embodiment, the polymers according to Formula (A) have a Mw of 
about 5,000 to about 400,000 daltons. In another embodiment, the polymers 
according to Formula (A) have a Mw of about 10,000 to about 200,000 daltons, even 
about 20,000 to about 100,000 daltons. 

In another embodiment, when two active diesters according to Formula (II) 
are reacted with two different di-p-toluenesulfonic acid salts of bis-(a-amino acid) 
a.w-aikylene diester according to Formulas (la) and (lb) the polymers produced 
thereby have a formula according to Formula (A) above except that the first R 7 
group and the second R 7 group are different from one another. 
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In still another embodiment, the present invention relates to co-poly(ester 
amide)s according to Formula (B) made from the combination of at least one di~p- 
toluenesulfonic acid salt of a bis-(a-amino acid) a,cu-alkylene diester according to 
Formula (la) and/or (lb), at least one di-p-toluenesulfonic acid salt of an ester 
5 according to Formula (IV) and at least one active diester according to Formula (II). 
In the discussion below Formula (la) is used. However, Formula (lb) can be 
substituted for Formula (la) by changing the appropriate R groups in Formula (la) to 
match those contained in Formula (lb). The above compounds are reacted using a 
suitable polymerization reaction (e.g., a polycondensation reaction) to yield co- 
10 poly(ester amide) polymers according to Formula (B) below: 

-H-C(0)-R 7 -C(0)-NH-CH(R 1 )-C(0)-0-R 3 -0-C(0)-CH(R 2 )-NH-] c - • • • 

[-C(O)-R 7 -C(O)-NH-CH(R 10 )-R 9 -NH~] d -} n - (B) 

where R\ R 2 , R 3 , R 7 , R 9 and R 10 are as defined above n is from about 10 to about 
1000 and the ratio of c/d is in the range of about 80:20 to about 20:80. In another 

15 embodiment, the ratio of c/d is from about 70:30 to about 30:70; or even from about 
60:40 to about 40:60. In another embodiment, n is from about 20 to about 500, or 
even from about 30 to about 300. 

In one embodiment, the polymers according to Formula (B) have a Mw of 
about 5,000 to about 400,000 daltons. In another embodiment, the polymers 

20 according to Formula (B) have a Mw of about 10,000 to about 200,000 daltons, even 
about 205,000 to about 100,000 daltons. 

In another embodiment, when two active diesters according to Formula (II) 
are reacted with a di-p-toluenesulfonic acid salt of a bis-(a-amino acid) a,oo-alkylene 
diester according to Formula (la) or (lb), and a di-p-toluenesulfonic acid salt of an 

25 ester according to Formula (IV), the polymers produced thereby have a formula 
according to Formula (B) above except that the first R 7 group and the second R 7 
group are different from one another. This situation occurs when one active diester 
according to Formula (II) is pre-reacted with a di-p-toluenesulfonic acid salt of a bis- 
(a-amino acid) a,u)-alkylene diester according to Formula (la) or (lb) and then the 



WO 03/062298 



PCT/US02/01258 



second active diester according to Formula (II) and the a di-p-toluenesulfonic acid 
salt of an ester according to Formula (IV) are added to the product of the pre- 
reaction and the combination is further reacted. In another embodiment, if all four 
compounds are combined together and reacted simultaneously, this combination 
can yield a co-poly(ester amide) having four different repeating units. 

In yet still another embodiment, the copolymers according to Formulas (A) 
and (B) contain three or more different repeating units rather than just two as shown 
above. In such an instance, each repeating unit of a polymer according to Formula 
(A) should make up at least about 10 percent of all of the repeating units present in 
the polymer according to Formula (A). With regard to such polymers according to 
Formula (B), each repeating unit of a polymer according to Formula (B) should make 
up at least about 20 percent of all of the repeating units present in the polymer 
according to Formula (B). In all instances, the total of all dissimilar repeating units in 
such polymers adds up to 1 00 percent 

Co-Polv(ester urethane)s 

In one embodiment, the present invention relates to co-poly(ester urethane)s 
according to Formula (C) made from the combination of at least two different di-p- 
toluenesulfonic acid salts of bis-(a-amino acid) a,co-alkylene diester according to 
Formulas (la) and (lb) and at least one active bis-carbonate diester of a diol 
according to Formula (III). The above compounds are reacted using a suitable 
polymerization reaction (e.g., a polycondensation reaction) to yield co-poly(ester 
urethane) polymers according to Formula (C) below: 

-H-C(0)-0-R^ 

. . . -[-C(0)-0-R 8 -0-C(0)-NH-CH(R 4 )-C(0)-0-R 6 -0-C(0)~CH(R 5 )-NH-] f -} n - (C) 

where R\ R 2 , R 3 , R 4 , R 5 , R 6 and R 8 are as defined above; n is from about 10 to 
about 1000 and the ratio of e/f is in the range of about 90:10 to about 10:90. In 
another embodiment, the ratio of e/f is from about 75:25 to about 25:75; or even 
from about 60:40 to about 40:60. In another embodiment, n is from about 20 to 
about 500, or even from about 30 to about 300. 
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In one embodiment, the polymers according to Formula (C) have a Mw of 
about 5,000 to about 400,000 daltons. In another embodiment, the polymers 
according to Formula (C) have a Mw of about 10,000 to about 200,000 daltons, even 
about 20,000 to about 100,000 daltons. 

In another embodiment, when two active bis-carbonate diesters of diols 
according to Formula (III) are reacted with two different di-p-toluenesulfonic acid 
salts of bis-(a-amino acid) a,w-alkylene diester according to Formulas (la) and (lb) 
the polymers produced thereby have a formula according to Formula (C) above 
except that the first R 8 group and the second R 8 group are different from one 
another. 

In still another embodiment, the present invention relates to co-poly(ester 
urethane)s according to Formula (D) made from the combination of at least one di-p- 
toluenesulfonic acid salt of a bis-(a-amino acid) a,co-alkylene diester according to 
Formula (la) and/or (lb), at least one di-p-toluenesulfonic acid salt of an ester 
according to Formula (IV) and at least one active bis-carbonate diester of a diol 
according to Formula (III). In the discussion below Formula (la) is used. However, 
Formula (lb) can be substituted for Formula (la) by changing the appropriate R 
groups in Formula (D) to match those contained in Formula (lb). The above 
compounds are reacted using a suitable polymerization reaction (e.g., a 
polycondensation reaction) to yield co-poly(ester urethane) polymers according to 
Formula (D) below: 

-H-C(0)-0-R 8 -0-C(0)-NH-CH(R 1 )-CO-0-R 3 -0-CO-CH(R 2 )-NH-] g 

. . . _[-C(O)-O-R 8 -O-C(O)-NH-CH(R 10 )-R 9 -NH-] h -} n - (D) 

where R\ R 2 , R 3 , R 8 , R 9 and R 10 are as defined above; n is from about 10 to about 
1000 and the ratio of g/h is in the range of about 80:20 to about 20:80. In another 
embodiment, the ratio of g/h is from about 70:30 to about 30:70; or even from about 
60:40 to about 40:60. In another embodiment, n is from about 20 to about 500, or 
even from about 30 to about 300. 
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In one embodiment, the polymers according to Formula (D) have a Mw of 
about 5,000 to about 400,000 daltons. In another embodiment, the polymers 
according to Formula (D) have a Mw of about 10,000 to about 200,000 daltons, even 
about 20,000 to about 100,000 daltons. 

In another embodiment, when two active bis-carbonate diesters of diols 
according to Formula (HI) are reacted with a di-p-toluenesulfonic acid salt of a bis-(cc- 
amino acid) a,u>-alkylene diester according to Formula (la) or (lb) and a di-p- 
toluenesulfonic acid salt of an ester according to Formula (IV) the polymers 
produced thereby have a formula according to Formula (D) above except that the 
first R 8 group and the second R 8 group are different from one another. This situation 
occurs when one active bis-carbonate diester of a diol according to Formula (III) is 
pre-reacted with a di-p-toluenesulfonic acid salt of a bis-(a-amino acid) a,u>-alkylene 
diester according to Formula (la) or (lb) and then the second active bis-carbonate 
diester of a diol according to Formula (III) and the a di-p-toluenesulfonic acid salt of 
an ester according to Formula (IV) are added to the product of the pre-reaction and 
the combination is further reacted. In another embodiment, if all four compounds 
are combined together and reacted simultaneously, this combination can yield a co- 
poly(ester urethane) having four different repeating units. 

In yet still another embodiment, the copolymers according to Formulas (A) 
and (B) contain three or more different repeating units rather than just two as shown 
above. In such an instance, each repeating unit of a polymer according to Formula 
(A) should make up at least about 10 percent of all of the repeating units present in 
the polymer according to Formula (A). With regard to such polymers according to 
Formula (B), each repeating unit of a polymer according to Formula (B) should make 
up at least about 20 percent of all of the repeating units present in the polymer 
according to Formula (B). In all instances, the total of all dissimilar repeating units in 
such polymers adds up to 100 percent. 

In yet still another embodiment, the copolymers according to Formulas (C) 
and (D) contain three or more different repeating units rather than just two as shown 
above. In such an instance, each repeating unit of a polymer according to Formula 
(C) should make up at least about 10 percent of all of the repeating units present in 
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the polymer according to Formula (C). With regard to such polymers according to 
Formula (D), each repeating unit of a polymer according to Formula (D) should make 
up at least about 20 percent of all of the repeating units present in the polymer 
according to Formula (D). In all instances, the total of all dissimilar repeating units in 
5 such polymers adds up to 100 percent. 

Polymerization Process: 

The amounts and/or ratio of the reactahts necessary to produce each of the 
above polymers according to Formulas (A) to (D) will be discussed in detail below 
after the completion of the discussion of the methods used to polymerize the chosen 
1 0 reactants. 

In one embodiment, the polymers of the present invention are produced using 
a polycondensation reaction. In the polycondensation reaction of this embodiment, 
suitable amounts of the chosen starting materials are added to a suitable solvent 
(e.g., N.N-dimethylformamide (DMF), N,N-dimethylacetamide (DMA), methyl 

15 pyrrolidone (MP), hexamethyl phosphortriamide (HMPT), dimethyl sulfoxide 

(DMSO), N-methylcaprolactame, alcohols (such as trifluoroethanol), etc.). To this 
mixture is added a suitable amount of a tertiary amine initiator (e.g., triethylamine 
(Et 3 N), or a tertiary fatty amine (e.g., N-methyl-morpholine, N.N'-dimethylpyperazine, 
Nrmethylpyperidine, sodium or potassium carbonates and/or hydrocarbonates, 

20 etc.)). The chosen reaction mixture is then mixed at a temperature of about 1 0 °C to 
about 40 °C in order to begin the polycondensation polymerization reaction. In 
another embodiment, the reaction components are mixed at a temperature of about 
15 °C to about 35 °C, or even at a temperature of about 20 °C to about 30 °C. 

After the chosen reaction components are throughly mixed the temperature of 

25 the reaction mixture is raised and held there for a suitable amount of time so as to 
complete the polycondensation polymerization reaction. In one embodiment, the 
reaction is conducted at a temperature in the range of about 60 °C to about 120 °C, 
or in the range of about 80 °C to about 100 °C, or even in the range of about 85 °C 
to about 95 °C. The reaction is carried out for about 8 to about 16 hours, or for 

30 about 1 0 to about 14 hours, or even for about 1 1 to about 1 3 hours. 
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After the above reaction is complete, the reaction product is allowed to cool to 
room temperature, and the product is cast as a thin film onto any suitably smooth 
surface (e.g., a metal or plastic plate), and washed with water (distilled, de-ionized, 
etc.). The polymer film obtained thereby is dried at a temperature in the range of 
about 20 °C to about 50 °C, or from about 25 °C to about 45 °C, or even from about 
30 °C to about 40 °C, under a reduced pressure (e.g., a pressure in the range of 
about 0.1 x 10" 3 atms. to about 10 x 10" 3 atms., or even a pressure in the range of 
about 0.5 x 10- 3 atms. to about 8 x 10 3 atms., or even in the range of about 1 x 10 3 
atms. to about 5 x 10" 3 atms.). After drying, the polymer is purified using an 
extraction technique with any suitable organic solvent (e.g., ethylacetate, 
butylacetate, diethyl ether, acetone, benzene, toluene, etc.) in a Soxhlett apparatus 
until a negative test for p-toluenesulfonic acid and p-nitrophenol is obtained (see the 
testing and purification procedures below). 

With regard to the amounts and/or ratio of the reactants necessary to produce 
each of the above polymers according to Formulas (A) to (D), in the case of 
polymers according to Formula (A), the molar ratio of the total molar amount of 
Formulas (la) and (lb) to the molar amount of Formula (II) needs to be approximately 
1:1. This is necessary to produce high molecular weight polymers via the above 
described polycondensation reaction. In another embodiment, when low molecular 
weight polymers are desired, the molar ratio of the total molar amount of Formulas 
(la) and (lb) to the molar amount of Formula (II) is in the range of about 5:1 to about 
1 :5. In another embodiment, the molar ratio of the total molar amount of Formulas 
(la) and (lb) to the molar amount of Formula (II) is about 2.5:1 to about 1:2.5. 

Furthermore, in the polymers according to Formula (A) the molar ratio of 
Formula (la) to Formula (lb) is in the range of about 9:1 to about 1:9. In another 
embodiment, the molar ratio of Formula (la) to Formula (lb) is about 7.5:2.5 to about 
2.5:7.5; or even about 6:4 to about 4:6. In yet another embodiment, the molar ratio 
of Formula (la) to Formula (lb) is about 1:1. The molar amount of Formula (II) 
present in the reaction mixture is at least equal to the total molar amount of 
Formulas (la) and (lb). 
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In the case of polymers according to Formula (B), the molar ratio of the total 
molar amount of Formula (la) and/or (lb) (if both are present) to the molar amount of 
Formula (IV) is in the range of about 8:2 to about 2:8. In another embodiment, the 
molar ratio of the total molar amount of Formula (la) and/or (lb) to the molar amount 
of Formula (IV) is about 7:3 to about 3:7; or even about 6:4 to about 4:6. In yet 
another embodiment, the molar ratio of the total molar amount of Formula (la) and/or 
(lb) to the molar amount of Formula (IV) is about 1:1. 

The molar amount of Formula (II) present in the reaction mixture to produce 
polymers according to Formula (B) again depends on whether or not high molecular 
weight polymers are desired. If so, then the ratio of the total molar amount of 
Formula (la) and/or (lb) and Formula (IV) to the molar amount of Formula (II) needs 
to be approximately 1:1. This is necessary to produce high molecular weight 
polymers via the above described polycondensation reaction. In another 
embodiment, when low molecular weight polymers are desired, the ratio of the total 
molar amount of Formula (la) and/or (lb) and Formula (IV) to the molar amount of 
Formula (II) is in the range of about 5:1 to about 1:5. In another embodiment, the 
molar ratio of the total molar amount of Formula (la) and/or (lb) and Formula (IV) to 
the molar amount of Formula (II) is about 2.5:1 to about 1:2.5. 

In the case of polymers according to Formula (C), the molar ratio of Formula 
(la) to Formula (lb) is in the range of about 9:1 to about 1:9. In another 
embodiment, the molar ratio of Formula (la) to Formula (lb) is about 7.5:2.5 to about 
2.5:7.5; or even about 6:4 to about 4:6. In yet another embodiment, the molar ratio 
of Formula (la) to Formula (lb) is about 1:1 . 

The molar amount of Formula (III) present in the reaction mixture to produce 
polymers according to Formula (C) again depends on whether or not high molecular 
weight polymers are desired. If so, then the ratio of the total molar amount of 
Formulas (la) and (lb) to the molar amount of Formula (III) needs to be 
approximately 1:1. This is necessary to produce high molecular weight polymers via 
the above described polycondensation reaction. In another embodiment, when low 
molecular weight polymers are desired, the ratio of the total molar amount of 
Formulas (la) and (lb) to the molar amount of Formula (III) is in the range of about 
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5:1 to about 1:5. In another embodiment, the molar ratio of the total molar amount 
of Formulas (la) and (lb) to the molar amount of Formula (III) is about 2.5:1 to about 
1:2.5. 

In the case of polymers according to Formula (D), the molar ratio of the total 
molar amount of Formula (la) and/or (lb) (if both are present) to the molar amount of 
Formula (IV) is in the range of about 8:2 to about 2:8. In another embodiment, the 
molar ratio of the total molar amount of Formula (la) and/or (lb) to the molar amount 
of Formula (IV) is about 7:3 to about 3:7; or even about 6:4 to about 4:6. In yet 
another embodiment, the molar ratio of the total molar amount of Formula (la) and/or 
(lb) to the molar amount of Formula (IV) is about 1:1. 

The molar amount of Formula (III) present in the reaction mixture to produce 
polymers according to Formula (D) again depends on whether or not high molecular 
weight polymers are desired. If so, then the ratio of the total molar amount of 
Formula (la) and/or (lb) and Formula (IV) to the molar amount of Formula (III) needs 
to be approximately 1:1. This is necessary to produce high molecular weight 
polymers via the above described polycondensation reaction. In another 
embodiment, when low molecular weight polymers are desired, the ratio of the total 
molar amount of Formula (la) and/or (lb) and Formula (IV) to the molar amount of 
Formula (III) is in the range of about 5:1 to about 1:5. In another embodiment, the 
molar ratio of the total molar amount of Formula (la) and/or (lb) and Formula (IV) to 
the molar amount of Formula (III) is about 2.5:1 to about 1 :2.5. 

Furthermore, upon addition of the initiator to any of the reaction mixtures, the 
concentration of the combination of the solvent and the tertiary amine (e.g., DMF 
and Et 3 N) is in the range of about 0.6 moles/L to about 1 .8 moles/L in view of the 
amount of any one of Formulas (la), (lb), (II), (III) and/or (IV) which is/are present in 
the reaction mixture. In another embodiment, the concentration of the combination 
of the solvent and the tertiary amine is in the range of about 0.8 moles/L to about 1 .6 
moles/L in view of the molar amount of any one of Formulas (la), (lb), (II), (III) and/or 
(IV) which is/are present in the reaction mixture. In yet another embodiment, the 
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concentration of the solvent and the tertiary amine is in the range of about 0.9 
moles/L to about 1 .3 moIes/L in view of the amount of any one of Formulas (la), (lb), 
(II), (III) and/or (IV) which is/are present in the reaction mixture. 

In yet another embodiment, when the reactants of the polymerization reaction 
5 are a combination of two di-p-toluenesulfonic acid salts of bis-(a-amino acid) a,u>- 
alkylene diester according to Formulas (la) and (lb) (where (la) and (lb) can be the 
same compound or different compounds) and with two active diesters according to 
Formula (II) or two active bis-carbonates according to Formula (III), the 
polycondensation polymerization reaction is carried out in a two step process. 

10 In the first step, one of the above di-p-toluenesulfonic acid salt compounds 

according to Formula (la) or (lb) is combined with one of the active diesters 
according to Formula (III) in a solvent A suitable amount of a tertiary amine initiator 
is then added to this mixture. The reaction components are mixed at a temperature 
of about 10 °C to about 40 °C, or at a temperature of about 15 °C to about 35 °C, or 

15 even at a temperature of about 20 °C to about 30 °C. The reaction is carried out for 
about 2 to about 6 hours, or for about 3 to about 5 hours, or even fro about 4 hours, 
in order to begin a portion of the overall polycondensation reaction. 

After this first step is complete, the remaining di-p-toluenesulfonic acid salt 
compound according to Formula (la) or (lb) and the remaining active diester 

20 according to Formula (II) are added to the above reaction mixture. The combined 
reaction mixture is mixed and the temperature of the reaction mixture is raised and 
held there for a suitable amount of time so as to complete the polycondensation 
polymerization reaction. In one embodiment, the reaction is conducted at a 
temperature in the range of about 60 °C to about 120 °C, or in the range of about 80 

25 °C to about 1 00 °C, or even in the range of about 85 °C to about 95 °C. This 

reaction is carried out for about 8 to about 16 hours, or for about 10 to about 14 
hours, or even for about 11 to about 13 hours. 

The above reaction produces a polymer with only two types of repeating units 
because the first step ensures almost complete reaction of the first di-p- 

30 toluenesulfonic acid salt compound according to Formula (la) or (lb) with one of the 
active diesters according to Formula (III). The second step accomplishes the 
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reaction of the second di-p-toluenesulfonic acid salt compound according to Formula 
(la) or (lb) with the second active diesters according to Formula (III) and the linking 
of the first and second repeating units to form a polymer according to Formula (A). 
This same process can also be used to form polymers according to Formula (C) 
when two bis-carbonates according to Formula (III) are used instead of two active 
diesters according to Formula (II). 

The product of these reactions are then subjected to similar processing steps 
as discussed above. 

Purification Process for Co-Poly(ester amidete (Co-PEAs): 

The following process is used to purify the Co-PEAs according to the present 
invention. The co-poly(ester amide) polymer obtained according to the present 
invention is dissolved in a sufficient amount of chloroform (usually about 50 to about 
100 ml of solvent per about 10 grams of polymer). This solution is filtered and the 
polymer is precipitated in butyl acetate (about 1.0 L), upon which the polymer 
separates as a tar like mass, and is then kept overnight in a refrigerator. The next 
morning, the butyl acetate is removed and a fresh portion of butyl acetate (again 
about 1.0 L) is added to the tar like mass and it is again kept overnight in a 
refrigerator again. This procedure is repeated until a negative test for p-nitrophenol 
and p-toluenesulfonic acid (see below) is obtained. In one embodiment, it is 
repeated 2 to 10 times, in another 2 to 8 times, in another 2 to 4 times. However, it 
should be realized that it can take more repetitions than stated above to purify the 
polymer(s) obtained using the present inventive methods. After such treatment is 
complete, p-nitrophenol and p-toluenesulfonic acid (which are more soluble in butyl 
acetate than in water) are nearly completely removed from the polymer. 

Next, the tar like mass there obtained is dried, dissolved in chloroform, cast 
onto hydrophobic surface, chloroform evaporated to dryness, and dried at about 
60 °C under reduced pressure (e.g., a pressure in the range of about 0.1 x 10" 3 
atms. to about 10 x 10" 3 atms., or even a pressure in the range of about 0.5 x 10" 3 
atms. to about 8 x 10" 3 atms., or even in the range of about 1 x 10" 3 atms. to about 5 
x 10 3 atms.). 
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Purification Process for Co-Polv(ester urethanete (Co-PEURs): 

The following process is used to purify the Co-PEURs according to the 
present invention. The polymer obtained according to the present invention is 
dissolved in a sufficient amount of chloroform (usually about 50 to about 100 ml of 
5 solvent per about 10 grams of polymer) cast as a thin film onto a cylindrical glass 
vessel's (d = 400 - 500 mm) inner surface, dried at room temperature, washed with 
water, and dried again. The film obtained is dissolved in a suitable solvent (e.g., 
DMF), and then the polymer is precipitated in water. A rubber-like polymer is 
collected and is dried at about 35 °C to about 40 °C under reduced pressure (e.g., a 

10 pressure in the range of about 0.1 x 10" 3 atms. to about 10 x 10' 3 atms., or even a 

pressure in the range of about 0.5 x 10 3 atms. to about 8 x 10 3 atms., or even in the 
range of about 1 x 10 3 atms. to about 5 x 10' 3 atms.). This procedure is repeated 
several times, until a negative test for p-nitrophenol and p-toluenesulfonic acid is 
obtained (see below). In one embodiment, it is repeated 2 to 10 times, in another 2 

15 to 8 times, in another 3 to 4 times. 

However, it should be realized that it can take more repetitions than stated 
above to purify either type of polymer obtained using the present inventive methods. 
After such treatment is complete, p-nitrophenol and p-toluenesulfonic acid are nearly 
completely removed from the desired polymer. 

20 Testing Procedure for p-Nitrophenol: 

The polymers of the present invention can be tested for the presence of p- 
nitrophenol by a variety of methods. One such method involves taking an 
appropriate amount of polymer to be purified (in one case about 200 to about 250 
mg) and dissolving the polymer in an adequate amount of a boiling 10% water 

25 solution of NaOH. The resulting solution is then analyzed using UV-VIS 

spectrophotometer (Specord UV-VIS, Carl Zeiss, Jena, cell of 4 ml, 6 = 1.0 cm). The 
samples are tested for the absence of absorption in the region of 430 nm 
(0 2 NC 6 H 4 0-) which indicates that no p-nitrophenol exists in the polymeric sample to 
any appreciable degree. It is noted that in alkaline media, p-nitrophenol does not 

30 absorb in UV region. As such, its absorption does not overlap the absorption of 
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phenylalanine that comes from the polymers. The absence of absorption in the 
region of 240 to 250 nm (p-CH 3 -C 6 H 4 -S0 3 ") indicates that no p-toluenesulfonic acid 
exists in the polymeric sample to any appreciable degree (this is true for those 
copolymers which are free of phenylalanine). 

Testing Procedure for p-Toluenesulfonic Acid: 

The testing procedure utilized herein for p-toluenesulfonic acid is identical to 
that used to test for p-nitrophenol (i.e., UV determination). The phenyl group 
present in TosOH absorbs in the region of 240 to 260 nm. However, since the 
benzyl groups of phenylalanine absorb in the same region, the testing procedure is 
utilized on co-poly(ester amide)s (PEAs) and co-poly(ester urethane)s (PEURs) free 
of phenylalanine. In all the cases studied, no absorbance of TosOH was observed 
when the absorbance of p-nitrophenol was not observed. This is the expected result 
since the solubility of TosOH in water is much higher than the solubility of p- 
nitrophenol and thus, in this instance, all or almost all of the TosOH is removed prior 
to the removal of the p-nirtophenol. 

Synthesis of Di-p-toluenesulfonic Acid Salts 
of Bis-(a-amino acid) g.oo-alkylene Diesters: 

Di-p-toluenesulfonic acid salts of bis-(a-amino acid) a,cu-alkylene diesters 

useful in the above-mentioned processes can be synthesized by a variety of 

methods. For example, one such method is shown below: 

H 2 N-CH(R 1 )COOH + H 2 N-CH(R 2 )COOH+ HO-R 3 -OH + 2 (TosOH • H 2 0) ~± 
TosOH • H 2 N-CH(R i )C(0)-0-R 3 -0-C(0)-CH(R 2 )-NH 2 • HOTos + 4H 2 0 

where R\ R 2 and R 3 are as defined above. This reaction yields the 
compounds represented by Formula (la). Alternatively, the following reaction is can 
be conducted: 
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H 2 N-CH(R 4 )COOH + H 2 N-CH(R 5 )COOH+ HO-R 6 -OH + 2 (TosOH • H 2 0) 
TosOH • H 2 N-CH(R 4 )C(0)-0-R 6 -0-C(0)-CH(R 5 )-NH 2 • HOTos + 4H 2 0 

where R 4 , R 5 and R 6 are as defined above. This reaction yields the 
compounds represented by Formula (lb). 

5 Synthesis of Di-p-toluenesulfonic 
Acid Salts of an Ester: 

Di-p-toluenesulfonic acid salts of an ester useful in the above-mentioned 
processes can be synthesized by a variety of methods. For example, one such 
method for synthesizing such compounds is shown below: 

10 H 2 N-CH(C(0)OH)-C-R 9 -NH 2 • HCI + HO-R 10 + 2 (TosOH • H 2 0) 

TosOH • H 2 N-CH(R 10 )-R 9 -NH 2 • HOTos + HCI + 3 H 2 0 

where R 9 and R 10 are as defined above. This reaction yields the compounds 
represented by Formula (IV). 

Synthesis of Active Diesters: 
15 Active diesters for use in the present invention can be synthesized by a 

variety of methods. For example, one such method for synthesizing such diesters is 
shown below. The reaction is conducted in a suitable organic solvent. 

2 X-OH + Cl-C(0)-R 7 -C(0)-Cl + 2 Py X-C(0)-R 7 -C(0)-X + 2 Py • HCI 

where R 7 and X are as defined above; and Py is pyridine. This reaction yields the 
20 compounds represented by Formula (II). 
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Synthesis of Active Bis-Carbonates of a Diol: 

Active bis-carbonates for use in the present invention can be synthesized by 
a variety of methods. For example, one such method for synthesizing such bis- 
carbonates is shown below. The reaction is conducted in a suitable solvent (e.g., 
5 chlorobenzene). 

2 X-OH + CI-C(0)-0~R 8 -0-C(0)-CI + 2 Et 3 N 
X-C(0)-0-R 8 -0-C(0)-X + 2 Et 3 N • HCI 

where R 8 and X are as defined above; and Et 3 N is defined above. This reaction 
yields the compounds represented by Formula (III). 

10 Examples of Preparation of Polymers: 

The Examples below are illustrative of the above-mentioned polymer 
reactions and are not to be construed as limiting. In the Examples below the 
reduced viscosity data (n re d.) of the polymers is obtained in m-cresol at a 
concentration of 0.5 g/dL and a temperature of about 25 °C. Additionally, unless 

15 otherwise specified, the term a reduced pressure in the Examples below is equal to 
a pressure in the range of about 1 x 10~ 3 to about 5 x 10~ 3 atms. 

Co-PoIv(ester amide) (Co-PEA) Examples: 
Example 1 : 

Co-poIy-{[N,N'-adipoyl-[bis-(L-phenylalanine)-1,2-ethylene diesterfloso-JNX- 
20 adipoyl-[bis(L-leucine)-1 ,3-propylene diester]] 0 , 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture a di-p- 
toluenesulfonic acid salt of bis-(L-phenylalanine)-1 ,2-ethylene diester (Formula (la), 
where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 2 -) (56.0672 g, 0.08 moles); di-p- 
toluenesulfonic acid salt of bis-(L-leucine)-1,3-propylene diester (Formula (lb), where 
25 R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 3 -) (12.9766 g, 0.02 moles) (total 
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amount of the salts is 0.1 moles); and a di-p-nitrophenyl adipate (Formula (II), where 
X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry DMF (52.5 ml; total 
volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
5 stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
10 toluenesulfonic acid is received, the yield is 96 %; the n re d. == °- 76 dL/g; and the T g is 
52 °C (DSC). Additionally, the copolymer is soluble in chloroform, DMF, DMA, and 
DMSO; and insoluble in THF. 
Example 2: 

Co-poly-{[N,N-sebacoyl-[bis-(L~phenylalanine)-1,3-propylene diester]] 080 - 

1 5 [N,N'-sebacoyl-[bis-(L-leucine)-1 ,4-butylene diester]] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p~ 
toluenesulfonic acid salt of bis(L-phenilalanine)-1,3~propylene diester (Formula (la), 
where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 3 -) (57.1888 g, 0.08 moles); a di-p- 
toluenesulfonic acid salt of bis-(L-leucine)-1 ,4-butylene diester (Formula (lb), where 

20 R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 4 -) (13.2170 g, 0.02 moles) (total 
amount of the salts is 0.1 moles); and a di-p-nitrophenyl sebacinate (Formula (II), 
where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF (52.5 
ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 

25 stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 

30 toluenesulfonic acid is received, the yield is 98 %; the n r ed. = 1 06 dL/g; and the T g is 
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45 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. The Mw = 46,000 and the Mn = 27,000, and the Mw/Mn = 1.7 (GPC in 
THF). 
Example 3: 

5 Co-poly-flN^-adipoyl-tbis-CL-phenylalaineJ-l^-butylene diester]]o.8o-[N,N- 

adipoyl-[bis-(L-valine)-1 ,4-butylene diester]] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of bis-(L-phenylaianine)-1 ,4-butylene diester (Formula (la), 
where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 4 -) (58.31 12 g, 0.08 moles); a di-p- 

10 toluenesulfonic acid salt of bis(L-valine)-1 ,4-butylene diester (Formula (lb), where R 4 
and R 6 both are -CH 2 (CH 3 ) 2 and R 6 is -(CH 2 ) 4 ~) (12.6560 g, 0.02 moles) (total amount 
of the salts is 0.1 moles); and a di-p-nitrophenyl adipate (Formula (II), where X is -O- 
C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry DMF (52.5 ml; total volume 
of DMF and Et 3 N is 83.3 ml) at room temperature. 

15 The temperature of the reaction mixture is increased to about 90 °C and 

stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 

20 apparatus. After purification, until a negative test result for p-nitrophenol and p- 

toluenesulfonic acid is received, the yield is 97 %; the r\ re6 = 0.76 dL/g; and the T g is 
52 °C (DSC). Additionally, the copolymer is soluble in chloroform, DMF, DMA, and 
DMSO; and insoluble in THF. 
Example 4: 

25 Co-poly-{[N,N'-sebacoyl-[bis-(L-phenylalanine)-1,6-hexylene diester]j 080 -[N,N'- 

sebacoyl-[bis-(L-valine)-1 ,6-hexylene diester]] 0 . 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of di-p- 

toluenesulfonic acid salt of a bis(L-phenylalanine)-1,6-hexylene diester (Formula 

(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 ~) (60.5552 g, 0.08 moles); a 
30 di-p-toluenesulfonic acid salt of a bis-(L-valine)-1 ,6-hexylene diester (Formula (lb), 

where R 4 and R 5 both are ~CH 2 (CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (13.2170 g, 0.02 moles) 
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(total amount of the salts is 0.1 moles); and a di-p-nitrophenyl sebacinate (Formula 
(II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF 
(52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
5 stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
10 toluenesulfonic acid is received,, the yield is approximately 100 %; the n re d. = 1-24 
dL/g; and the T g is 31.5 °C (DSC). Additionally, the copolymer is soluble in 
chloroform, DMF, DMA, and DMSO; and insoluble in THF. 
Example 5: 

Co-poly-{[N,N-sebacoyl-[bis-(L-phenylalanine)-1,6-hexylene diester]] 080 ~[N,N'- 

1 5 sebacoyl-[bis-(L-isoleucine)-1 ,4-butylene diester]] a20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of di-p- 
toluenesulfonic acid salt of a bis(L-phenylalanine)-1,6-hexylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (60.5552 g, 0.08 moles) 
and a di-p-toluenesulfonic acid salt of a bis-(L-isoleucine)-1 ,4-butylene diester 

20 (Formula (lb), where R 4 and R 5 both are -CH(CH 3 )CH 2 CH 3 and R 6 is -(CH 2 ) 4 -) 
(13.2170 g, 0.02 moles) (total amount of the salts is 0.1 moles); and a di-p- 
nitrophenyl sebacinate (Formula (II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 -) 
(44.444 g , o.1 moles) in dry DMF (52.5 ml) (total volume of DMF and Et 3 N is 83.3 
ml) at room temperature. 

25 The temperature of the reaction mixture is increased to about 90 °C and 

stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 

30 apparatus. After purification, until a negative test result for p-nitrophenol and p- 

toluenesulfonic acid is received, the yield is 99 %; the rired. = 098 dL/ 9; and the T g is 
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32 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. The Mw = 43,000 and the Mn = 28,500, and the Mw/Mn = 1 .51 (GPC in 
THF). 
Example 6: 

5 Co-poly-^N^-adipoyKbis^L-phenylalanine^l^-butylene diester]]o. 8 o-[N,N , - 

adipoyl-[bis(L-isoleucine)-1 ,6-hexylene diester]] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,4-butylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 4 -) (58.31 12 g, 0.08 moles); a 

10 di-p-toluenesulfonic acid salt of a bis-(L-isoleucine)-1 ,6-hexylene diester (Formula 

(lb), where R 4 and R 5 both are -CH(CH 3 )CH 2 CH 3 and R 6 is -(CH 2 ) 6 -) (13.7782 g, 0.02 
moles) (total amount of the salts is 0.1 moles); and a di-p-nitrophenyl adipate 
(Formula (II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry 
DMF (52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

15 The temperature of the reaction mixture is increased to about 90 °C and 

stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 

20 apparatus. After purification, until a negative test result for p-nitrophenol and p- 

toluenesulfonic acid is received, the yield is 98 %; the n re d. = 1-16 dL/g; and the T g is 
36 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. The Mw = 48,600 and the Mn = 29,800, and the Mw/Mn = 1.63 (GPC in 
THF). 

25 Example 7: 

Co-poly-{[N,N'-adipoyKbis-(L-phenylalanine)-1 ,4-butylene diester]] 080 -[N,N f - 
adipoyl-[bis-(DL-norleucine)-1 ,4-butylene diester]] 020 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,4-butylene diester (Formula 

30 (la), where R 1 and R 2 both are ~CH 2 Ph and R 3 is -(CH 2 ) 4 -) (58.31 12 g, 0.08 moles); a 
di-p-toluenesulfonic acid salt of a bis(DL-norleucine)-1 ,4-butylene diester (Formula 
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(lb), where R 4 and R 5 both are -CH 2 CH 2 CH 2 CH 3 and R 6 is -(CH 2 ) 4 -) (13.2170 g, 0.02 
moles) (total amount of the salts is 0.1 mole); and a di-p-nitrophenyl adipate 
(Formula (II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry 
DMF (52.5 ml; total volume of DMF and Et 3 N is 83.3ml) at room temperature. 
5 The temperature of the reaction mixture is increased to about 90 °C and 

stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
10 apparatus. After purification, until a negative test result for p-nitrophenol and p- 

toluenesulfonic acid is received, the yield is 99 %; the n. re d. ~ 1-45 dL/g; and the T g is 
42 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. 
Example 8: 

1 5 Co-poly-{[N,N'-adipoyl-[bis-(L-phenylalanine)-1 ,4-butylene diester]] 080 -[N,N'- 

adipoyl-[bis-(L-leucine)-1 ,6-hexylene diester]] 020 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,4-butylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 4 -) (58.3112 g, 0.08 moles); a 

20 di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (13.7782 g, 0.02 moles) 
(total amount of the salts is 0.1 mole); and a di-p-nitrophenyl adipate (Formula (II), 
where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry DMF (52.5 
ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

25 The temperature of the reaction mixture is increased to about 90 °C and 

stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 

30 apparatus. After purification, until a negative test result for p-nitrophenol and p- 

toluenesulfonic acid is received, the yield is 99 %; the n. re d. = 1 -36 dL/g; and the T g is 
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44 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. The Mw = 52,400 and the Mn = 33,500, and the Mw/Mn = 1 .56 (GPC in 
THF). 
Example 9: 

Co-poly-{[N,N , -adipoyl-[bis-(L-phenylalanine)-1,4-butylene diester]]o.8o-[N,N'- 
adipoyl-[bis-(L-leucine)-1 ,8-octylene diester]] 020 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,4-butylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 4 -) (58.31 12 g, 0.08 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,8-octylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 8 -) (14.3392 g, 0.02 moles) 
(total amount of the salts is 0.1 moles); and a di-p-nitrophenyl adipate (Formula (II), 
where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry DMF (52.5 
ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 99 %; the n.red. = 1 42 dL/g; and the T g is 
32 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. 
Example 10: 

Co-poly-{[N,N'-adipoyl-[bis-(L-phenylalanine)-1 ,4-butylene diester]] 0 8tr [N,N'- 
adipoyl-[bis-(L-leucine)-1 ,12-dodecylene diester]] 020 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,4-butylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 4 -) (58.31 12 g, 0.08 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1,12-dodecylene diester (Formula 
(lb), where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 12 -) (15.4614 g, 0.02 



32 



WO 03/062298 



PCT/US02/01258 



moles) (total amount of the salts is 0.1 moles); and a di-p-nitrophenyl adipate 
(Formula (II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry 
DMF (52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 
The temperature of the reaction mixture is increased to about 90 °C and 
5 stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
10 toluenesulfonic acid is received, the yield is 96 %; the r\ red = 0.58 dL/g; and the T g is 
26 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. 
Example 11: 

Co-poly-{[N,N'-adipoyl-[bis-(L-phenylalanine)-1,4-butylene diesterHoeo-tN.N'- 

1 5 adipoyl-[bis-(DL-methionine)-1 ,4-butylene diester]] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,4-butylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 4 -) (58.31 12 g, 0.08 moles); a 
di-p-toluenesulfonic acid salt of a bis(DL-methionine)-1 ,4-butylene diester (Formula 

20 (lb), where R 4 and R 5 both are -CH 2 CH 2 SCH 3 and R 6 is -(CH 2 ) 4 -) (13.9386 g, 0.02 
moles) (total amount of the salts is 0.1 moles); and a di-p-nitrophenyl adipate 
(Formula (II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry 
DMF (52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 
The temperature of the reaction mixture is increased to about 90 °C and 

25 stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
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toluenesulfonic acid is received, the yield is 99 %; the n r ed. = 1 -44 dL/g; and the T g is 
22 °C (DSC). Additionally, the copolymer is soluble in chloroform, DMF, DMA, and 
DMSO. 
Example 12: 

5 Co-poly-ltN^'-adipoyl-tbis^L-phenylalanine^l^-butylene diester]] a80 -[N,N'- 

adipoyl-[bis-(DL-methionine)-1 ,6-hexylene diester]] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L~phenyla!anine)-1,4-butylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 4 -) (58.3112 g, 0.08 moles); a 

10 di-p-toluenesulfonic acid salt of a bis(DL-methionine)-1 ,4-butylene diester (Formula 
(lb), where R 4 and R 5 both are ~CH 2 CH 2 SCH 3 and R 6 is -(CH 2 ) 6 -) (14.4996 g, 0.02 
moles) (total amount of the salts is 0.1 moles); and a di-p-nitrophenyl adipate 
(Formula (II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry 
DMF (52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

1 5 The temperature of the reaction mixture is increased to about 90 °C and 

stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. - The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 

20 apparatus. After purification, until a negative test result for p-nitrophenol and p- 

toluenesulfonic acid is received, the yield is 99 %; the n re d. = 1 -28 dL/g; and the T g is 
18 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. The Mw = 47,800 and the Mn = 25,500, and the Mw/Mn = 1.87 (GPC in 
THF). 

25 Example 13: 

Co-poly-^N^'-sebacoyKbis^L-phenylalanineVI^-hexylene diester]] 090 -[N,N'- 
sebacoyl-[bis-(L-leucine)-1 ,6-hexylene diester]] 0 10 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenyla!anine)-1 ,6-hexylene diester (Formula 

30 (la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) e -) (68.1246 g, 0.09 moles); 

di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
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where R 4 and R 6 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (6.8891 g, 0.01 moles) 
(total amount of the salts is 0.1 moles); and a di-p-nitrophenyl sebacinate (Formula 
(II), where X is -0~C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF 
(52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 
5 The temperature of the reaction mixture is increased to about 90 °C and 

stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
10 apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is approximately 100 %; the n r ed. = 154 
dL/g; and the T g is 36 °C (DSC). Additionally, the copolymer is soluble in chloroform, 
DMF, DMA, and DMSO; and insoluble in THF. 
Example 14: 

1 5 Co-poly-^N^'-sebacoyKbis^L-phenylalanine)-! ,6-hexylene diester]] 0 80 -[N,N'- 

sebacoyI-[bis-(L-leucine)-1 ,6-hexylene diester]] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenilalanine)-1,6-hexylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (60.5552 g (0.08 moles);a 

20 di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) e -) (13.7782 g, 0.02 moles) 
(total amount of the salts is 0.1 moles); and a di-p-nitrophenyl sebacinate (Formula 
(II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF 
(52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

25 The temperature of the reaction mixture is increased to about 90 °C and 

stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 

30 apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is approximately 100 %; the n r ed. = 148 
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dL/g; and the T g is 34 °C (DSC). Additionally, the copolymer is soluble in chloroform, 
THF, DMF, DMA, and DMSO. The Mw = 63,200 and the Mn = 38,800, and the 
Mw/Mn = 1 .63 (GPC in THF). 
Example 15: 

Co-poly-{[N,N'-sebacoyl-[bis-(L-phenylalanine)-1 ,6-hexylene diesterHo.eo-fN.N'- 
sebacoyl-[bis-(L-leucine)-1 ,6-hexylene diester]] 0 40 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis(L-phenylalanine)-1 ,6-hexylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (45.4146 g, 0.06 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (27.5564 g, 0.04 moles) 
(total amount of the salts is 0.1 moles); and a di-p-nitrophenyl sebacinate (Formula 
(II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF 
(52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is approximately 100 %; the n red = 1-44 
dL/g; and the T g is 35 °C (DSC). Additionally, the copolymer is soluble in chloroform, 
THF, DMF, DMA, and DMSO. The Mw = 62,000 and the Mn = 33,400, and the 
Mw/Mn = 1.86 (GPC in THF). 
Example 16: 

Co-poiy-{[N,N'-sebacoyl-[bis-(L-phenylalanine)-1 ,6-hexylene diester]]o. 4 o-[N,N'- 
sebacoyl-[bis-(L-leucine)-1 ,6-hexylene diester]] 0 60 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1,6-hexylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (30.2776 g, 0.04 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
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where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (41 .3346 g, 0.06 moles) 
(total amount of the salts is 0.1 moles); and a di-p-nitrophenyl sebacinate (Formula 
(II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 ~) (44.444 g, 0.1 moles) in dry DMF 
(52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 
5 The temperature of the reaction mixture is increased to about 90 °C and 

stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 

10 apparatus. After purification, until a negative test result for p-nitrophenol and p- 

toluenesulfonic acid is received, the yield is 99 %; the n re d = 1-32 dL/g; and the T g is 
34 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. The Mw = 60,000 and the Mn = 36,200, and the Mw/Mn = 1 .66 (GPC in 
THF). 

15 Example 17: 

Co-poly-{[N,N'-sebacoyKbis-(L-phenylalanine)~1,6-hexylene diester]] 020 -[N,N- 
sebacoyl-[bis-(L-leucine)-1 ,6-hexylene diesterj] 0 80 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 

20 (la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (15.1388 g, 0.02 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (55.1 128 g, 0.08 moles) 
(total amount of the salts is 0.1 moles); and a di-p-nitrophenyl sebacinate (Formula 
(II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF 

25 (52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 

30 resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
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toluenesulfonic acid is received, the yield is approximately 100 %; the n r ed. - 1 -52 
dL/g; and the T g is 34 °C (DSC). Additionally, the copolymer is soluble in chloroform, 
THF, DMF, DMA, and DMSO. The Mw = 65,300 and the Mn = 38,400, and the 
Mw/Mn = 1 .70 (GPC in THF). 
5 Example 1 8: 

Co-poly-{[N,N , -sebacoyl-[bis-(L-phenylalanine)-1,6-hexylene diester]] 0 10 -[N,N'- 
sebacoyl-[bis-(L-leucine)-1 ,6-hexylene diester]] 0 90 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenilalanine)-1 ,6-hexylene diester (Formula 

10 (la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (7.5694 g, 0.01 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (62.0019 g, 0.09 moles) 
(total amount of the salts is 0.1 mole); and a di-p-nitrophenyl sebacinate (Formula 
(II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF 

15 (52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 

20 resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is approximately 100 %; the r) red = 1.42 
dL/g; and the T g is 35 °C (DSC). Additionally, the copolymer is soluble in chloroform, 
THF, DMF, DMA, and DMSO. The Mw = 58,800 and the Mn = 37,000, and the 

25 Mw/Mn = 1 .59 (GPC in THF). 
Example 19: 

Co-poly-{[N,N , -tetradecandioyl-[bis-(L-phenylalanine)-1,6-hexylene 
diester]] 080 -[N,N , -tetradecandioyl-[bis-(L-leucine)-1 1 6-hexylene diester]] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
30 toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 

(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (60.5552 g, 0.08 moles); a 
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di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1,6-hexylene diester (Formula (lb), 
where R 4 and R s both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (13.7782 g, 0.02 moles) 
(total amount of the salts is 0.1 mole); and a di-p-nitrophenyl tetradecandioate 
(Formula (II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 12 -) (50.055 g, 0.1 moles) in 
5 dry DMF (52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 

10 resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is approximately 100 %; the n re d. = 1-27 
dL/g; and the T g is 28 °C (DSC). Additionally, the copolymer is soluble in chloroform, 
THF, DMF, DMA, and DMSO. 

15 Example 20: 

Co-poly-{[N,N'-docosanedioyl-[bis-(L-phenylalanine)-1,6-hexylene diester]] 080 - 
[N,N'-docosanedioyl-[bis-(L-leucine)-1,6-hexylene diester]] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salts of a bis-(L-phenylalanine)-1,6-hexylene diester (Formula 

20 (la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (60.5552 g, 0.08 moles); a 
di-p-toluenesulfonic acid salts of a bis-(L-leucine)-1,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (13.7782 g, 0.02 moles) 
(total amount of the salts is 0.1 moles); and a di-p-nitrophenyl docosanedioate 
(Formula (II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 20 -) (61.277 g, 0.1 moles) in 

25 dry DMF (52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 

30 resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 



WO 03/062298 



PCT/US02/01258 



toluenesulfonic acid is received, the yield is approximately 100 %; and the n re d. = 
0.78 dL/g. Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. 
Example 21: 

Co-poly-{[N,N'-sebacoyHbis-(L-phenylalanine)-1 ,6-hexylene diester]] 0 50 -[N,N'- 
adipoyl-[bis-(L-leucine)-1 ,6-hexylene diester]] 0 . 5 o} 

Dry triethylamine (15.4 ml, 0.1 1 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (37.8470 g, 0.05 moles) 
and a di-p-nitrophenyl sebacinate (Formula (II), where X is -0-C 6 H 4 -N0 2 and R 7 is 
-(CH 2 ) 8 -) (22.2220 g, 0.05 moles) in dry DMF (52.5 ml) at room temperature and is 
stirred for about 4 hours. Next, a di-p-toluenesulfonic acid salt of a bis-(L-leucine)- 
1,6-hexylene diester (Formula (lb), where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 
is -(CH 2 ) 6 -) (34.4455 g, 0.05 moles) (total amount of the salts is 0.1 moles); di-p- 
nitrophenyl adipate (Formula (II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 4 -) 
(19.4165 g, 0.05 moles; total amount of the diesters is 0.1 moles); and an additional 
15.4 ml (0.1 1 moles) of Et 3 N (total volume of DMF and Et 3 N is 83.3 ml) is added to 
the reaction mixture and the temperature is increased to about 90 °C and is stirred 
for about 12 hours. 

Next, the reaction product is then cooled to room temperature, cast as a thin 
film onto the smooth surface, and washed with water. The polymeric product 
obtained thereby is dried at 30 to 40 °C under reduced pressure. The resulting 
polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 98 %; the n re d. = 1-22 dL/g; and the T g is 
36 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. 
Example 22: 

Co-poly-{[N,N'-adipoyl-bis-(L-phenylalanine)-1,6-hexylenediester] 0 . 5 o-[N,N , - 
sebacoyl-L-[bis-(L-leucine)-1 ,6-hexylene diester]] 0 . 50 } 



40 



WO 03/062298 



PCT/US02/01258 



Dry triethylamine (15.4 ml, 0.1 1 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (37.8470 g, 0.05 moles) 
and a di-pnitrophenyl adipate (Formula (II), where X is -0-C 6 H 4 -N0 2 and R 7 is 
-(CH 2 ) 4 -) (19.4165 g, 0.05 moles) in dry DMF (52.5 ml) at room temperature and is 
stirred for about 4 hours. Next, a di-p-toluenesulfonic acid salt of a bis-(L-leucine)- 
1,6-hexylene diester (Formula (lb), where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 
is -(CH 2 ) 6 -) (34.4455 g, 0.05 moles) (total amount of the salts is 0.1 moles); a di-p- 
nitrophenyl sebacinate (Formula (II), where X is -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 -) 
(22.2220 g, 0.05 moles), and an additional 15.4 ml (0.11 moles) of Et 3 N (total 
volume of DMF and Et 3 N is 83.3 ml) is added to the reaction mixture and the 
temperature is increased up to about 90 °C and is stirred for about 12 hours. 

Next, the reaction product is then cooled to room temperature, cast as a thin 
film onto the smooth surface, and washed with water. The polymeric product 
obtained thereby is dried at 30 to 40 °C under reduced pressure. The resulting 
polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 98 %; the q red = 1.22 dL/g; and the T g is 
35 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. 
Example 23: 

Co-poly-{[N,N'-adipoyl-bis-(L-pheny]alanine)-1,2-ethylenediester]] 0 . 8 o-[N a ,N e - 

adipoyl-L-lysine n-octyl ester] 020 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,2-ethylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 2 -) (56.0672 g, 0.08 moles); a 
di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (12.0563 g, 0.02 moles) (total amount of the salts is 
0.1 moles); and di-p-nitrophenyl adipate (Formula (II) where X is -0-C 6 H 4 -N0 2 and 
R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry DMF (52.5 ml; total volume of DMF and 
Et 3 N is 83.3 ml) at room temperature. 
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The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The viscous reaction solution is then cooled to room 
temperature, cast as a thin film onto the smooth surface, and washed with water. 
The polymeric product obtained thereby is dried at 30 to 40 °C under reduced 
5 pressure. Next, the polymer is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 98 %; the n re d. = 0 88 dl -/g; and the T g is 
48 °C (DSC). Additionally, the copolymer is soluble in chloroform, DMF, DMA, and 
DMSO. 

10 Example 24: 

Co-poly-^N^-sebacoyl-bis-CL-phenylalanineJ-l^-propylene diester] 080 - 
[N a ,N e -sebacoyl»L-lysine n-octyl ester] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1,3-propylene diester (Formula 

15 (la) where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) 3 -) (57.1888 g, 0.08 moles); a 
di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (12.0563 g, 0.02 moles) (total amount of the salts is 
0.1 moles); and a di-p-nitrophenyl sebacinate (Formula (II) where X is -0-C 6 H 4 -N0 2 
and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF (52.5 ml; total volume of DMF 

20 and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The viscous reaction solution is cooled to room 
temperature, cast as a thin film onto the smooth surface, and washed with water. 
The polymeric product obtained thereby is dried at 30 to 40 °C under reduced 

25 pressure. Next, the polymer is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid, the yield is 98 %; the n re d. " 106 dL/g; and the T g is 45 °C 
(DSC). The copolymer is soluble in chloroform, THF, DMF, DMA, DMSO. The Mw = 
46,000 and the Mn = 27,000, and the Mw/Mn = 1.7 (GPC in THF). 
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Example 25: 

Co-poly-^N^-adipoyl-bis^L-phenylalanineJ-l^-butylene diester] 080 -[N a ,N 6 - 
adipoyl-L-lysine n-octyl ester] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
5 toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,4-butylene diester (Formula (la) 
where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) 4 -) (58.31 12 g, 0.08 moles); a di-p- 
toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (12.0563 g, 0.02 moles) (total amount of the salts is 
0.1 moles); and a di-p-nitrophenyl adipate (Formula (II) where X is -0-C 6 H 4 -N0 2 and 
10 R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry DMF (52.5 ml; total volume of DMF and 
Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
15 product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 98 %; the Hred. = 0-85 dL/g; and the T g is 
46 °C (DSC). The copolymer is soluble in chloroform, DMF, DMA, and DMSO. 
20 Example 26: 

Co-poly-{[N,N'-adipoyl-bis-(L-phenylalanine)-1,6-hexylene diester] 0 . 90 -[N a ,N E - 
adipoyl-L-lysine n-octyl ester] ai0 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1,6-hexylene diester (Formula 
25 (la) where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (68.1246 g, 0.09 moles) 

and a di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 
is -CH- and R 10 is -C(0)-0-C 8 H 17 ) (6.0282 g, 0.01 moles) (total amount of the salts is 
0.1 moles); and a di-p-nitrophenyl adipate (Formula (II) where X is -0-C 6 H 4 -N0 2 and 
R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry DMF (52.5 ml; total volume of DMF and 
30 Et 3 N is 83.3 ml) at room temperature. 
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The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
5 resulting polymer product is extracted with ethylacetate or butylacetate at room 

temperature. After purification, until a negative test result for p-nitrophenol and p~ 
toluenesulfonic acid is received, the yield is 97 %; the rjred. = 1-12 dL/g; and the T g is 
40.5 °C (DSC). The copolymer is soluble in chloroform, DMF, DMA, and DMSO. 
Example 27: 

10 Co-poIy-{[N,N'-adipoyl-bis-(L-phenylalanine)-1,6-hexylene diester] a80 -[N a ,N e - 

adipoyl-L-lysine n-octyl ester] 020 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)~1,6-hexylene diester (Formula 
(la) where R 1 and R 2 are both -CH 2 Ph and R 3 -(CH 2 ) 6 -) (60.5552 g, 0.08 moles); a di- 

15 p-toluenesuifonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is -CH- 
and R 10 is -C(0)-0-C 8 H 17 ) (12.0563 g, 0.02 moles) (total amount of the salts is 0.1 
moles); and a di-p-nitrophenyl adipate (Formula (II) where X is -0-C 6 H 4 -N0 2 and R 7 
is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry DMF (52.5 ml; total volume of DMF and Et 3 N 
is 83.3 ml) at room temperature. 

20 The temperature of the reaction mixture is increased to about 80 °C and 

stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 

25 temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 99 % and the n re d. = 1-08 dL/g. The 
copolymer is soluble in chloroform, DMF, DMA, and DMSO. 
Example 28: 

Co-poly-{[N,N'-adipoyl-bis-(L-phenylalanine)-1,6-hexylene diester] 060 -[N a ,N e - 
30 adipoyl-L-lysine n-octyl ester] 040 } 
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Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1,6-hexylene diester (Formula 
(la) where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (45.4164 g, 0.06 moles); a 
di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
5 -CH- and R 10 is -C(0)-0-C 8 H 17 ) (24.1 128 g, 0.04 moles) (total amount of the salts is 
0.1 moles); and a di-p-nitrophenyl adipate (Formula (II) where X is -0-C 6 H 4 -N0 2 and 
R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry DMF (52.5 ml; total volume of DMF and 
Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 

10 stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 

15 toluenesulfonic acid is received, the yield is 95 % and the Preo. = 0 98 dL/g. The 
copolymer is soluble in chloroform, DMF, DMA, and DMSO. 
Example 29: 

Co-poly-{[N,N'-adipoyl-bis-(L-phenylalanine)-1,6-hexylene diester] 0 40 -[N a ,N e - 
adipoyl-L-lysine n-octyl ester] 060 } 

20 Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 

toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 
(la) where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (30.2776 g, 0.04 moles); a 
di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (36.1692 g, 0.06 moles) (total amount of the salts is 

25 0.1 moles); and a di-p-nitrophenyl adipate (Formula (II) where X is -0-C 6 H 4 -NO 2 and 
R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry DMF (52.5 ml; total volume of DMF and 
Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 

30 cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
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resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 98 % and the n. re d = 0.83 dL/g. The 
copolymer is soluble in chloroform, DMF, DMA, and DMSO. 
Example 30: 

Co-poly-{[N,N'-adipoyl-bis-(L-phenylalanine)-1,6-hexylenediester] 020 -[N a ,N E - 

adipoyl-L-lysine n-octyl ester] 0 . 80 } 

Dry triethylamine (30.8 mi, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1,6-hexylene diester (Formula 
(la) where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (15.1388 g, 0.02 moles); a 
di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (48.2256 g, 0.08 moles) (total amount of the salts is 
0.1 moles); and a di-p-nitrophenyl adipate (Formula (II) where X is -0-C 6 H 4 -N0 2 and 
R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry DMF (52.5 ml; total volume of DMF and 
Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 99 % and the rw = 0.72 dL/g. The 
copolymer is soluble in chloroform, DMF, DMA, and DMSO. 
Example 31: 

Co-poly-{[N,N'-adipoyl-bis-(L-phenylalanine)-1,6-hexylene diester] 010 -[N a ,N E - 

adipoyl-L-lysine n-octyl ester] 0 90 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 
(la) where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (7.5694 g, 0.01 moles); a 
di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (54.2538 g, 0.09 moles) (total amount of the salts is 
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0.1 moles); and a di-p-nitrophenyl adipate (Formula (II) where X is -0-C 6 H 4 -N0 2 and 
R 7 is -(CH 2 ) 4 -) (38.833 g, 0.1 moles) in dry DMF (52.5 ml; total volume of DMF and 
Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
5 stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
10 toluenesulfonic acid is received, the yield is 96 % and the n r ed. - 0.84 dL/g. The 
copolymer is soluble in chloroform, DMF, DMA, and DMSO. 
Example 32: 

Co-poly-dN^'-sebacoyl-bis^L-phenylalanineJ-l^-hexylene diester] 0 80 -[N a ,N e - 
sebacoyl-L-lysine n-octyl ester] a20 } 

15 Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 

toluenesulfonic acid salt of a bis-(L-phenyalanine)-1 ,6-hexylene diester (Formula (la) 
where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (60.5552 g, 0.08 moles); a di-p- 
toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is -CH- 
and R 10 is -C(0)-0-C 8 H 17 ) (12.0563 g, 0.02 moles) (total amount of the salts is 0.1 

20 moles); and a di-p-nitrophenyl sebacinate (Formula (II) where X is 

-0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF (52.5 ml) (total 
volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 

25 cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is approximately 100 %; the n re d. = 1 24 

30 dL/g; and the T g is 31.5 °C (DSC). The copolymer is soluble in chloroform, DMF, 
DMA, and DMSO. 
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Example 33: 

Co-poly-{[N,N-sebacoyl-bis-(L-phenylalanine)-1,6-hexylene diester] 080 -[N a ,N e - 
sebacoyl-L-lysine n-dodecyl ester] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di~p- 
5 toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 
(la) where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) B -) (60.5552 g, 0.08 moles); 
di-p-toluenesulfonic acid salt of a L-lysine n-dodecyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 12 H 25 ) (13.1786 g, 0.02 moles) (total amount of the salts is 
0.1 moles); and a di-p-nitrophenyl sebacinate (Formula (II) where X is 

10 -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF (52.5 ml) (total 
volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 

1 5 product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 99 %; the n re <i = °-9 8 dL/ g; and the T g is 
32 °C (DSC). The copolymer is soluble in chloroform, THF, DMF, DMA, and DMSO. 

20 The Mw = 43,000 and the Mn = 28,500, and the Mw/Mn = 1 .51 (GPC in THF). 
Example 34: 

Co-poly-{[N,N-sebacoyl-bis-(L-phenylalanine)-1,6-hexylene diester] 080 -[N a ,N E - 
sebacoyl -L-lysine n-hexadecyl ester] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 

25 toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 

(la) where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (60.5552 g, 0.08 moles); a 
di-p-toluenesulfonic acid salt of a L-lysine n-hexadecyl ester (Formula (IV) where R 9 
is -CH- and R 10 is -C(0)-0~C 16 H 33 ) (14.3008 g, 0.02 moles) (total amount of the salts 
is 0.1 moles); and a di-p-nitrophenyl sebacinate (Formula (II) where X is 

30 -0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF (52.5 ml) (total 
volume of DMF and Et 3 N is 83.3 ml) at room temperature. 
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The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
5 resulting polymer product is extracted with ethylacetate or butylacetate at room 

temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is approximately 100 % and the n re d. = 0.85 
dL/g. The copolymer is soluble in chloroform, THF, DMF, DMA, and DMSO. 
Example 35: 

10 Co-poly-^N^'-tetradecandioyl-bis-CL-phenylalanineJ-l^-hexylene diester] 080 - 

[N a ,N e - tetradecandioyl-L-lysine n-octyl ester] a20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1,6-hexylene diester (Formula 
(la) where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (60.5552 g, 0.08 moles); 

15 di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 

-CH- and R 10 is -C(0)-0-C 8 H 17 ) (12.0563 g, 0.02 moles) (total amount of the salts is 
0.1 moles); and a di-p-nitrophenyl tetradecandioate (Formula (II) where X is -O- 
C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 12 -) (50.055 g, 0.1 moles) in dry DMF (52.5 ml) (total 
volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

20 The temperature of the reaction mixture is increased to about 80 °C and 

stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 

25 temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is approximately 100 %; the n re d. = 1 27 
dL/g; and the T g is 28 °C (DSC). The copolymer is soluble in chloroform, THF, DMF, 
DMA, and DMSO. 
Example 36: 

30 Co-poly-{[N,N'-docosanedioyl-bis-(L-phenylalanine)-1,6-hexylene diester] a8 cr 

[N a ,N e - docosanedioyl-L-lysine n-octyl ester] a20 } 



WO 03/062298 



PCT/US02/01258 



Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 
(la) where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (60.5552 g, 0.08 moles); a 
di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -0(O)-O-C 8 H 17 ) (12.0563 g, 0.02 moles) (total amount of the salts is 
0.1 mole); and a di-p-nitrophenyl docosanedioate (Formula (II) where X is 
-0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 20 -) (61.277 g, 0.1 moles) in dry DMF (52.5 ml) (total 
volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is approximately 100 % and the n, re d = 0- 78 
dL/g. The copolymer is soluble in chloroform, THF, DMF, DMA, and DMSO. 
Example 37: 

Co-poly-{[N,N'-sebacoyl-bis-(L-leucine)-1 ,6-hexylene diester] 090 -[N a ,N e - 
sebacoyl-L-lysine n-octyl ester] 010 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-leucine)-1,6-hexylene diester (Formula (la) 
where R 1 and R 2 are both -CH 2 CH(CH 3 ) 2 and R 3 is -(CH 2 ) 6 -) (62.0019 g, 0.09 moles); 
a di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (6.0282 g, 0.01 moles) (total amount of the salts is 
0.1 moles); and a di-p-nitrophenyl sebacinate (Formula (II) where X is -0-C 6 H 4 -N0 2 
and R 7 is -(CH 2 ) a -) (44.444 g, 0.1 moles) in dry DMF (52.5 ml; total volume of DMF 
and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
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resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 99 %; the tied. = 1-30 dL/g; and the T g is 
26 °C (DSC). The copolymer is soluble in chloroform, ethanol, THF, DMF, DMA, 
and DMSO. 
Example 38: 

Co-poly-{[N,N'-sebacoyl-bis-(L-leucine)-1 ,6-hexylene diester] 0 80 -[N a , N E - 
sebacoyl-L-lysine n-octyl ester] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-leucine)-1,6-hexylene diester (Formula (la) 
where R 1 and R 2 are both -CH 2 CH(CH 3 ) 2 and R 3 is -(CH 2 ) 6 -) (55.1128 g, 0.08 moles); 
a di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (12.0563 g, 0.02 moles) (total amount of the salts is 
0.1 moles); and a di-p-nitrophenyl sebacinate (Formula (II) where X is -0-C 6 H 4 -N0 2 
and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF (52.5 mi; total volume of DMF 
and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 98 %; the n, re d. = 108 dL/g; ant the T g is 
21.5 °C (DSC). The copolymer is soluble in chloroform, ethanol, THF, DMF, DMA, 
and DMSO. The Mw = 41 ,800; the Mn = 23,500; and the Mw/Mn = 1 .78 (GPC in 
THF). 

Example 39: 

Co-poly-{[N,N'-sebacoyl-bis-(L-leucine)-1 ,6-hexylene diester] 060 -[N a ,N s - 
sebacoyl-L-lysine n-octyl ester] 040 } 
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Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (la) 
where R 1 and R 2 are both -CH 2 CH(CH 3 ) 2 and R 3 is -(CH 2 ) 6 -) (41.3346 g, 0.06 moles); 
a di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (24.1128 g, 0.04 moles) (total amount of the salts is 
0.1 moles); and a di-p-nitrophenyl sebacinate (Formula (II) where X is -0-C 6 H 4 -N0 2 
and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF (52.5 ml; total volume of DMF 
and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is approximately 100 %; the n re d. = 1.18 
dl_/g; and the T g is 19 °C (DSC). The copolymer is soluble in chloroform, ethanol, 
THF, DMF, DMA, and DMSO. 
Example 40: 

Co-poly-{[N,N'-sebacoyl-bis-(L-leucine)-1 ,6-hexylene diester] 040 -[N a ,N e - 
sebacoyl-L-lysine n-octyl ester] 060 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (la) 
where R 1 and R 2 are both -CH 2 CH(CH 3 ) 2 and R 3 is -(CH 2 ) 6 -) (27.5564 g, 0.04 moles); 
a di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (36.1692 g, 0.06 moles) (total amount of the salts is 
0.1 moles); and a di-p-nitrophenyl sebacinate (Formula (II) where X is -0-C 6 H 4 -N0 2 
and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF (52.5 ml; total volume of DMF 
and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
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product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 99 %; the n re d. = 1 -24 dL/g; and the T g is 
16 °C (DSC). The copolymer is soluble in chloroform, ethanol, THF, DMF, DMA, 
and DMSO. 
Example 41: 

Co-poly-{[N,N'-sebacoyl-bis-(L-leucine)-1,6-hexylene diesterJ 020 -[N a ,N e ~ 
sebacoyl-L-lysine n-octyl ester] 080 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (la) 
where R 1 and R 2 are both -CH 2 CH(CH 3 ) 2 and R 3 is -(CH 2 ) 6 -) (13.7782 g, 0.02 moles); 
a di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (48.2256 g, 0.08 moles) (total amount of the salts is 
0.1 moles); and a di-p-nitrophenyl sebacinate (Formula (II) where X is -0-C 6 H 4 -NO 2 
and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF (52.5 ml; total volume of DMF 
and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 98 % and the n r ed. = 0.99 dL/g. The 
copolymer is soluble in chloroform, ethanol, THF, DMF, DMA, and DMSO. 
Example 42: 

Co-poly-{[N,N'-sebacoyl-bis-(L-leucine)-1 ,6-hexylene diester] 010 -[N a ,N E - 

sebacoyl-L-lysine n-octyl ester] 0 . 90 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (la) 
where R 1 and R 2 are both -CH 2 CH(CH 3 ) 2 and R 3 is -(CH 2 ) S -) (8.8891 g (0.01 moles); 
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a di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (54.2538 g, 0.09 moles) (total amount of the salts is 
0.1 moles); and a di-p-nitrophenyl sebacinate (Formula (II) where X is 
-0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF (52.5 ml; total 
volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 99 % and the rw = 0.84 dL/g. The 
copolymer is soluble in chloroform, ethanol, THF, DMF, DMA, and DMSO. 
Example 43: 

Co-poly-{[N,N'-sebacoyl-bis-(L-valine)-1,6-hexylene diester] 080 -[N a ,N e - 

sebacoyl-L-lysine n-octyl ester] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-valine)-1 ,6-hexylene diester (Formula (la) where 
R 1 and R 2 are both -CH(CH 3 ) 2 and R 3 is -(CH 2 ) 6 -) (52.8680 g, 0.08 moles); a di-p- 
toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is -CH- 
and R 10 is -C(0)-0-C 8 H 17 ) (12.0563 g, 0.02 moles) (total amount of the salts is 0.1 
moles); and a di-p-nitrophenyl sebacinate (Formula (II) where X is -0-C 6 H 4 -N0 2 and 
R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF (52.5 ml; total volume of DMF and 
Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
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temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 99 % and the r) r ed. = 1 -35 dL/g. The 
copolymer is soluble in chloroform, THF, DMF, DMA, and DMSO. 
Example 44: 

5 Co-poly-^N.N'-sebacoyl-bis^L-isoleucine)-! ,6-hexylene diester] 0 60 -[N a ,N e - 

sebacoyl-L-lysine n-octyl ester] 0>20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-isoleucine)1 ,6-hexylene diester (Formula (la) 
where R 1 and R 2 are both -CH(CH 3 )CH 2 CH 3 and R 3 is ~(CH 2 ) 6 -) (55.1128 g, 0.08 

10 moles); a di-p-toluenesulfonic acid salt of a L-Iysine n-octyl ester (Formula (IV) 

where R 9 is -CH- and R 10 is -C(0)-0-C 8 H 17 ) (12.0563 g, 0.02 moles) (total amount of 
the salts is 0.1 moles); and a di-p-nitrophenyl sebacinate (Formula (II) where X is -O- 
C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF (52.5 ml; total volume 
of DMF and Et 3 N is 83.3 ml) at room temperature. 

15 The temperature of the reaction mixture is increased to about 80 °C and 

stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 

20 temperature. After purification, until a negative test result for p-nitrophenol and p- 

toluenesulfonic acid is received, the yield is approximately 100 % and the r\ red = 2.25 
dL/g. The copolymer is soluble in chloroform, THF, DMF, DMA, and DMSO. 
Example 45: 

Co-poly-dN^'-sebacoyl-bis^L-phenylalanine^l^-hexylene diester] 0 60 -[N,IsT- 
25 sebacoyl-bis~(L-leucine)-1 ,6-hexylene diester] 020 -[N a ,N e -sebacoyl-L-lysine n-octyl 
ester] 020 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 
(la) where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (45.4164 g, 0.06 moles); a 
30 di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb) 
where R 4 and R 5 are both -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) e -) (13.7782 g, 0.02 moles); 
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a di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (12.0564 g, 0.02 moles) (total amount of the salts is 
0.1 moles); and a di-p-nitrophenyl sebacinate (Formula (II) where X is -0-C 6 H 4 -N0 2 
and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in DMF (52.5 ml) (total volume of DMF and 
Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 99 %; the rjred. = 1-12 dL/g; and the T g is 
19 °C (DSC). The copolymer is soluble in chloroform, THF, DMF, DMA, and DMSO. 
Example 46: 

Co-poly-{[N,N'-sebacoyl-bis-(L-phenylalanine)-1 ,6-hexylene diester] O40 -[N,N'- 
sebacoyl-bis-(L-leucine)-1 ,6-hexylene diester] 040 -[N^N e -sebacoyl-L-lysine n-octyl 
ester] a20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 
(la) where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (30.2776 g, 0.04 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb) 
where R 4 and R 5 are both -CH 2 CH(CH 3 ) 2 and R 6 -(CH 2 ) 6 -) (27.5564 g, 0.04moles); a 
di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (12.0564 g, 0.02 moles) (total amount of the salts is 
0.1 moles); and a di-p-nitrophenyl sebacinate (Formula (II) where X is 
-0-C 6 H 4 -N0 2 and R 7 is -(CH 2 ) 8 -) (44.444 g, 0.1 moles) in dry DMF (52.5 ml) (total 
volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 80 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
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resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 98 %; the n re d. = 106 dL/g; and the T g is 
18 °C (DSC). The copolymer is soluble in chloroform, THF, DMF, DMA, and DMSO. 

Co-Polv(ester urethanel (Go-PEUm Examples: 
Example 47: 

Co-poly-ttN.N'-dimethylenedioxydicarbonyKbisKL-phenylalanine)-!^- 
butylene diesterllo.eo-tN.N'-dimethylenedioxydicarbonyl-tbis-CL-leucineJ-l^-butylene 

diester]] 0 .2o} 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,4-butylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 4 -) (58.31 12 g, 0.08 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,4-butylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 4 -) (13.2170 g, 0.02 moles) 
(total amount of the salts is 0.1 mole); and an active bis-carbonate (Formula (III), 
where X is -0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 2 -) (39.2210 g, 0.1 moles) in dry DMF (52.5 
ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 88 %; the n, re d. = 0.52 dL/g; and the T g is 
23 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. 
Example 48: 

Co-poly-{[N,N'-trimethylenedioxydicarbonyl-[bis-(L-phenylalanine)-1 ,4- 
butylene diesterlWtN.N'-trimethylenedioxydicarbonyKbis^L-leucine)-! ,4-butylene 

diester]] 020 } 
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Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1,4-butylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 4 -) (58.31 12 g, 0.08 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,4-butylene diester (Formula (lb), 
5 where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 4 -) (13.2170 g, 0.02 moles) 
(total amount of the salts is 0.1 moles); and an active bis-carbonate (Formula (III), 
where X is -0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 3 -) (40.624 g, 0.1 moles) in dry DMF (52.5 
ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 

10 stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 

15 toluenesulfonic acid is received, the yield is 86 %; the n re d. = 0 68 dL/g; and the T g is 
21 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. The Mw = 46,600 and the Mn = 27,400, and the Mw/Mn = 1.70 (GPC in 
THF). 

Example 49: 

20 Co-poly-{[N,N , -trimethylenedioxydicarbonyl-[bis-(L-phenylalanine)-1,6- 

hexylene diester]] 090 -[N,N , 4rimethylenedioxydicarbonyl-[bis-(L~leucine)-1,6-hexylene 
diester]] ai0 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1,6-hexylene diester (Formula 

25 (la), where R 1 and R 2 both are ~CH 2 Ph and R 3 is ~(CH 2 ) 6 -) (68.1246 g, 0.09 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L- leucine)-1 ,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (6.8891 g, 0.01 moles) 
(total amount of the salts is 0.1 mole); and an active bis-carbonate (Formula (III), 
where X is -0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 3 -) (40.624 g, 0.1 moles) in dry DMF (52.5 

30 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 
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The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 92 %; the rw = 0.66 dL/g; and the T g is 
25 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. 
Example 50: 

Co-poly-{[N,N'-trimethylenedioxydicarbonyl-bis-(L-phenylalanine)-1,6- 
hexylene diesterlJo.so-fN.N'-trimethylenedioxydicarbonyl -[bis-(L-leucine)-1 ,6-hexylene 
diester]] 020 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salts of bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (58.31 12 g, 0.08 moles); a 
di-p-toluenesulfonic acid salts of bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (13.2170 g, 0.02 moles) 
(total amount of the salts is 0.1 moles); and an active bis-carbonate (Formula (III), 
where X is -0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 3 -) (40.624 g, 0.1 moles) in dry DMF (52.5 
ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 82 %; the iw = 0 68 dL/g; and the T g is 
19 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. The Mw = 47,300 and the Mn = 27,300, and the Mw/Mn = 1 .73 (GPC in 
THF). 
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Example 51: 

Co-poly-{[N,N'-trimethylenedioxydicarbonyl-[bis-(L-phenylalanine)-1,6- 
hexylene diester]] 0 . 6 o-[N,N , -trimethyleneclioxydicarbonyl-[bis-(L-leucine)-1 l 6-hexylene 

diester]] 04 o} 

5 Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 

toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (45.4164 g, 0.06 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (27.5564 g, 0.04 moles) 

10 (total amount of the salts is 0.1 mole); and an active bis-carbonate (Formula (III), 
where X is -0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 3 -) (40.624 g, 0.1 moles) in dry DMF (52.5 
ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 

15 cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 91 %; the n re d. = 0 48 dL/ 9: and tne T g is 

20 15 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. The Mw = 37,900 and the Mn = 22,300, and the Mw/Mn = 1 .70 (GPC in 
THF). 

Example 52: 

Co-poly-{[N,N'-trimethylenedioxydicarbonyl-[bis-(L-phenylalanine)-1,6- 
25 hexylene diesterMo.^-IN.N'-trimethylenedioxydicarbonyl-lbis^L-leucine)-! ,6-hexylene 

diester]]o. 6 o} 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (30.2776 g, 0.04 moles); a 
30 di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (41 .3346 g, 0.06 moles) 
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(total amount of the salts is 0.1 moles), and an active bis-carbonate (Formula (III), 
where X is -0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 3 -) (40.624 g, 0.1 moles) in dry DMF (52.5 
ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 90 %; the n re d. = 0-50 dl_/g; and the T g is 
14 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. The Mw = 38,400 and the Mn = 22,000, and the Mw/Mn = 1.75 (GPC in 
THF). 

Example 53: 

Co-poly-{[N,N'-trimethylenedioxydicarbonyl-[bis-(L-phenylalanine)-1,6- 
hexylene diester]] 020 -[N,N'-trimethylenedioxydicarbonyl-bis-(L-leucine)-1 ,6-hexylene 
diester]] 080 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-,6-hexylene diester (Formula (la), 
where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (15.1388 g, 0.02 moles); a di-p- 
toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (55.1128 g, 0.08 moles) 
(total amount of the salts is 0.1 mole); and an active bis-carbonate (Formula (III), 
where X is -0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 3 -) (40.624 g, 0.1 moles) in dry DMF (52.5 
ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
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toluenesulfonic acid is received, the yield is 86 %; the r)red. = °-54 dL/g; and the T g is 
13 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. 
Example 54: 

5 Co-poly-{[N,N'-trimethylenedioxydicarbonyl-[bis-(L-phenylalanine)-1,6- 

hexylene diester3] 010 -[N,N'-trimethylenedioxydicarbonyl-[bis-(L-leucine)-1,6-hexylene 
diester]] 090 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 

10 (la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (7.5694 g, 0.01 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (62.0019 g, 0.09 moles) 
(total amount of the salts is 0.1 moles); and an active bis-carbonate (Formula (III), 
where X is -0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 3 -) (40.624 g, 0.1 moles) in dry DMF (52.5 

15 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 

20 resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 88 %; the rjred. = 0-49 dL/g; and the T g is 
11 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. 

25 Example 55: 

Co-poly-{[N,N'-trimethylenedioxydicarbonyl-[bis-(L-phenylalanine)-1 ,6- 
hexylene diester]3 080 -[N,N'-trimethylenedioxydicarbonyl-[bis-(L-isoleucine)-1 ,6- 
hexylene diester]] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 

30 toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 

(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (58.3112 g, 0.08 moles); a 



62 



WO 03/062298 



PCT/US02/01258 



di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
where R 4 and R 6 both are -CH(CH 3 )CH 2 CH 3 and R 6 is -(CH 2 ) 6 -) (13.2170 g, 0.02 
moles) (total amount of the salts is 0.1 moles); and an active bis-carbonate (Formula 
(III), where X is -0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 3 -) (40.624 g, 0.1 moles) in dry DMF 
5 (52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 

10 resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 93 %; the n re d. = 0-52 dL/g; and the T g is 
16 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. 

15 Example 56: 

Co-poly-ttN^'-trimethylenedioxydicarbonyl-tbis^L-phenylalanine)-! ,6- 
hexylene diesterllo.eo-tN^'-trimethylenedioxydicarbonyKbis^DL-methionine)--! ,6- 
hexylene diester]] 0<20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 

20 toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 

(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (58.311 2 g, 0.08 moles); a 
di-p-toluenesulfonic acid salt of a bis-(DL-methionine)-1 ,6-hexylene diester (Formula 
(lb), where R 4 and R 5 both are -CH 2 CH 2 SCH 3 and R 6 is -(CH 2 ) 6 ~) (14.4996 g, 0.02 
moles) (total amount of the salts is 0.1 moles); and an active bis-carbonate (Formula 

25 (111), where X is -0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 3 -) (40.624 g, 0.1 moles) in dry DMF 
(52.5 ml ;total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 

30 product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 

resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
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apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 85 %; the rj red . = 0 38 dL/ 9; and tne T g is 
9 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. 
5 Example 57: 

Co-poly-{[N,N'-(3-oxapentylene-1,5-dioxydicarbonyl)-[bis-(L-phenylalanine)- 
1 ,6-hexylene diester]] 0 . 80 -[N,N'-(3-oxapentylene-1 ,5-dioxydicarbonyl)-[bis-(L-leucine)- 
1,6-hexylene diester]] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 

1 0 toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 

(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (58.3112 g, 0.08 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (13.2170 g, 0.02 moles) 
(total amount of the salts is 0.1 moles); and an active bis-carbonate (Formula (III), 

15 where X is -0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 2 -0-(CH 2 ) 2 -) (43.633 g, 0.1 moles) in dry 
DMF (52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 

20 product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 

resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 88 %; the r) red = 0 65 dL/ S; and tne T g is 
11 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 

25 and DMSO. The Mw = 45,000 and the Mn = 24,300, and the Mw/Mn = 1 .85 (GPC in 
THF). 

Example 58: 

Co-poly-{[N,N'-(3-oxapentylene-1 ,5-dioxydicarbonyl)-[bis-(L-phenylalanine)- 
1 ,6-hexylene diester]] 0 . 60 -[N,N'-(3-oxapentylene-1 ,5-dioxydicarbonyl)-[bis-(L-leucine)- 
30 1 ,6-hexylene diester]] 0 4 o} 
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Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (45.4164 g, 0.06 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
5 where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is ~(CH 2 ) 6 -) (27.5564 g, 0.04 moles) 
(total amount of the salts is 0.1 moles); and an active bis-carbonate (Formula (III), 
where X is -0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 2 -0-(CH 2 ) 2 -) (43.633 g, 0.1 moles) in dry 
DMF (52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 
The temperature of the reaction mixture is increased to about 90 °C and 

10 stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 

15 toluenesulfonic acid is received, the yield is 84 %; the Hred. = °-46 dL/g; and the T g is 
10.5 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, 
DMA, and DMSO. The Mw = 37,600 and the Mn = 23,300, and the Mw/Mn = 1.61 
(GPC in THF). 
Example 59: 

20 Co-poly-{[N,N-(3-oxapentylene-1,5-dioxydicarbonyl)-[bis-(L-phenylalanine)- 
1 ,6-hexylene diesterlJo^-fN^^S-oxapentylene-l ,5-dioxydicarbonyl)-[bis-(L-leucine)- 
1,6-hexylene diester]] a60 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)~1 ,6-hexylene diester (Formula 

25 (la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (30.2776 g, 0.04 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -> (41 .3346 g, 0.06 moles) 
(total amount of the salts is 0.1 moles); and an active bis-carbonate (Formula (III), 
where X is -0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 2 -0-(CH 2 ) 2 -) (43.633 g, 0.1 moles) in dry 

30 DMF (52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 



WO 03/062298 PCT/US02/01258 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
5 resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 89 %; the n. ra d. = 0.54 dL/g; and the T g is 
10 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. The Mw = 38,200 and the Mn = 22,800, and the Mw/Mn = 1.68 (GPC in 
10 THF). 

Example 60: 

Co-poly-{[N,N'-(3-oxapentylene-1,5-dioxydicarbonyl)-[bis-(L-phenylalanine)- 
1 ,6-hexylene diester]] 0 . 20 -[N,N'-(3-oxapentylene-1 ,5-dioxydicarbonyl)-[bis-(L-leucine)- 
1 ,6-hexylene diester]] 0 80 } 

15 Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 

toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 
(la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (15.1388 g, 0.02 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (55.1128 g, 0.08 moles) 

20 (total amount of the salts is 0.1 moles); and an active bis-carbonate (Formula (III), 
where X is -0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 2 -0-(CH 2 ) 2 -) (43.633 g, 0.1 moles) in dry 
DMF (52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 

25 cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 85 %; the n re d. = 0.62 dL/g; and the T g is 
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9 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. The Mw = 40,000 and the Mn = 23,200, and the Mw/Mn = 1.72 (GPC in 
THF). 

Example 61: 

5 Co-poly-{[N,N'-(3-oxapentylene-1,5-dioxydicarbonyl)-[bis-(L-phenylalanine)- 
1 ,6-hexylene diester]j 0 . 10 -[N,N'-(3-oxapentylene-1 ,6-dioxydicarbonyl)-[bis-(L-leucine)- 
1 ,6-hexylene diester]] 0 go } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 

10 (la), where R 1 and R 2 both are -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (7.5694 g, 0.01 moles); a 
di-p-toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (lb), 
where R 4 and R 5 both are -CH 2 CH(CH 3 ) 2 and R 6 is -(CH 2 ) 6 -) (62.0019 g, 0.09 moles) 
(total amount of the salts is 0.1 moles); and an active bis-carbonate (Formula (III), 
where X is -0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 2 -0-(CH 2 ) 2 -) (43.633 g, 0.1 moles) in dry 

15 DMF (52.5 ml; total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 

20 resulting polymer product is extracted with ethylacetate or butylacetate in a Soxhlett 
apparatus. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 90 %; the r)red. = 0.47 dL/g; and the T g is 
7 °C (DSC). Additionally, the copolymer is soluble in chloroform, THF, DMF, DMA, 
and DMSO. The Mw = 38,000 and the Mn = 22,600, and the Mw/Mn = 1 .68 (GPC in 

25 THF). 

Example 62: 

Co-poly-{[N,N , -trimethylenedioxydicarbonyl-bis-(L-phenylalanine)-1 ,6- 
hexylene diester] 080 -[N a ,N e -trimethylenedioxydicarbonyl-L-lysine n-octyl ester] 020 } 
Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
30 toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 

(la) where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (58.31 12 g, 0.08 moles); a 
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di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (12.0564 g, 0.02 moles) (total amount of the salts is 
0.1 moles); and an active bis-carbonate (Formula (III) where X is -0-C 6 H 4 -N0 2 and 
R 8 is -(CH 2 ) 3 -) (40.624 g, 0.1 moles) in dry DMF (52.5 ml) (total volume of DMF and 
5 Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 

10 resulting polymer product is extracted with ethylacetate or butylacetate at room 

temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 88 %; the n re d. = 0-68 dL/g; and the T g is 
13°C (DSC). The copolymer is soluble in chloroform, THF, DMF, DMA, and DMSO. 
The Mw = 56,200; the Mn = 30,900; and the Mw/Mn = 1.82 (GPC in THF). 

15 Example 63: 

Co-poly-{[N,N'-trimethylenedioxydicarbonyl-bis-(L-leucine)-1 ,6-hexylene 
diester] 080 -[N a ,N e -trimethylenedioxydicarbonyl-L-lysine n-octyl ester] 020 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (la) 

20 where R 1 and R 2 are both -CH 2 CH(CH 3 ) 2 and R 3 is -(CH 2 ) 6 -) (55.1128 g, 0.08 moles); 
a di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (12.0564 g, 0.02 moles) (total amount of the salts is 
0.1 moles); and an active bis-carbonate (Formula (III) where X is -0-C 6 H 4 -N0 2 and 
R 8 is -(CH 2 ) 3 -) (40.624 g, 0.1 moles) in dry DMF (52.5 ml) (total volume of DMF and 

25 Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 

30 resulting polymer product is extracted with ethylacetate or butylacetate at room 

temperature. After purification, until a negative test result for p-nitrophenol and p- 
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toluenesulfonic acid is received, the yield is 86 % the rired. = °-72 dL/g; and the T g is 
12 °C (DSC). The copolymer is soluble in chloroform, THF, DMF, DMA, and DMSO. 
The Mw = 62,400; the Mn = 37,100; and the Mw/Mn = 1 .68 (GPC in THF). 
Example 64: 

5 Co-poly-ttN^'-trimethylenedioxydicarbonyl-bis-lL-leucine^l^-hexylene 
diester] 080 -[N a ,N e - trimethylenedioxydicarbonyl-L-lysine n-dodecyl ester] 0 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (la) 
where R 1 and R 2 are both -CH 2 CH(CH 3 ) 2 and R 3 is ~(CH 2 ) 6 -) (55,1 128 g, 0.08 moles); 

10 a di-p-toluenesulfonic acid salt of a L-lysine n-dodecyl ester (Formula (IV) where R 9 
is -CH- and R 10 is -C(0)-0-C 12 H 25 ) (13.1786 g, 0.02 moles) (total amount of the salts 
is 0.1 moles); and an active bis-carbonate (Formula (III) where X is -0-C 6 H 4 -N0 2 and 
R 8 is -(CH 2 ) 3 -) (40.624 g, 0.1 moles) in dry DMF (52.5 ml) (total volume of DMF and 
Et 3 N is 83.3 ml) at room temperature. 

1 5 The temperature of the reaction mixture is increased to about 90 °C and 

stirred for about 12 hours. The reaction product is then cooled to room temperature, 
cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 

20 temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 9Q %; and n re d. = O- 62 dL/g. The 
copolymer is soluble in chloroform, THF, DMF, DMA, and DMSO. 
Example 65: 

Co-poly-{[N,N'-trimethylenedioxydicarbonyl-bis-(L-leucine)-1 ,6-hexylene 
25 diester] 080 -[N a ,N e -trimethylenedioxydicarbonyl-L-lysine n-hexadecyl ester] 020 } 
Dry triethylamine (30.8 mi, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexy!ene diester (Formula (la) 
where R 1 and R 2 are both -CH 2 CH(CH 3 ) 2 and R 3 is -(CH 2 ) 6 -) (55.1 128 g, 0.08 moles); 
a di-p-toluenesulfonic acid salt of a L-lysine n-hexadecyl ester (Formula (IV) where 
30 R 9 is -CH- and R 10 is -C(0)-0-C 16 H 33 ) (14.3008 g, 0.02 moles) (total amount of the 
salts is 0.1 moles); and an active bis-carbonate (Formula (III) where X is 
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-0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 3 -) (40.624 g, 0.1 moles) in dry DMF (52.5 ml) (total 
volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
5 cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 92 % and the n r e<± = °-48 dL/g. The 
10 copolymer is soluble in chloroform, THF, DMF, DMA, and DMSO. 
Example 66: 

Co-poly-^N^^S-oxapentylene-l^-dioxydicarbonyO-bis-tL-phenylalanine)- 
1 ,6-hexylene diester] 0 80 -[N a ,N e -(3-oxapentylene-1 ,5-dioxydicarbonyl)-L-lysine n-octyl 
ester] 0 . 20 } 

15 Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 

toluenesulfonic acid salt of a bis-(L-phenylalanine)-1 ,6-hexylene diester (Formula 
(la) where R 1 and R 2 are both -CH 2 Ph and R 3 is -(CH 2 ) 6 -) (58.31 12 g, 0.08 moles); a 
di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (12.0564 g, 0.02 moles) (total amount of the salts is 

20 0.1 moles); and an active bis-carbonate (Formula (III) where X is -0~C 6 H 4 -N0 2 and 
R 8 is -(CH 2 ) 2 -0-(CH 2 ) 2 -) (43.633 g, 0.1 moles) in dry DMF (52.5 ml) (total volume of 
DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 

25 cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 89 %; the n r ed. = °-62 dL/g; and the T g is 

30 12.6 °C (DSC). The copolymer is soluble in chloroform, THF, DMF, DMA, and 

DMSO. The Mw = 58,700; the Mn = 32,800; and the Mw/Mn = 1.79 (GPC in THF). 



WO 03/062298 



PCT/US02/01258 



Example 67: 

Co-poly-{[N,N43-oxapenty^ 
hexylene diester] 080 -[N^N e -(3-oxapentylene-1 ,5-dioxydicarbonyl)~L-lysine n-octyl 
ester] 020 } 

5 Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 

toluenesulfonic acid salt of a bis~(L-leucine)-1 ,6-hexylene diester (Formula (la) 
where R 1 and R 2 are both -CH 2 CH(CH 3 ) 2 and R 3 is -(CH 2 ) 6 -) (55.1 128 g, 0.08 moles); 
a di-p-toluenesulfonic acid salt of a L-lysine n-octyl ester (Formula (IV) where R 9 is 
-CH- and R 10 is -C(0)-0-C 8 H 17 ) (12.0564 g, 0.02 moles) (total amount of the salts is 

10 0.1 moles); and an active bis-carbonate (Formula (III) where X is -0-C 6 H 4 -N0 2 and 
R 8 is -(CH 2 ) 2 -0-(CH 2 ) 2 -) (43.633 g, 0.1 moles) in dry DMF (52.5 ml) (total volume of 
DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 

1 5 cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 91 %; the r\ red = 0.57 dL/g; and the T g 

20 10.6 °C (DSC). The copolymer is soluble in chloroform, THF, DMF, DMA, and 

DMSO. The Mw= 53,900; the Mn = 28,100; and the Mw/Mn = 1.92 (GPC in THF). 
Example 68: 

Co-poly-{[N,N'-(3-oxapentylene-1,5-dioxydicarbonyl)-bis-(L-leucine)-1 ,6- 
hexylene diester] 080 -[N a ,N e -(3-oxapentylene-1 ,5-dioxydicarbonyl)-L-Iysine n-dodecyl 
25 ester] 0 . 20 } 

Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 
toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (la) 
where R 1 and R 2 are both -CH 2 CH(CH 3 ) 2 and R 3 is -(CH 2 ) 6 -) (55.1 128 g, 0.08 moles); 
a di-p-toluenesulfonic acid salt of a L-lysine n-dodecyl ester (Formula (IV) where R 9 
30 is -CH- and R 10 is -C(0)-0-C 12 H 25 ) (13.1786 g, 0.02 moles) (total amount of the salts 
is 0.1 moles); and an active bis-carbonate (Formula (III) where X is -0-C 6 H 4 -N0 2 and 
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R 8 is -(CH 2 ) 2 -0-(CH 2 ) 2 -) (43.633 g, 0.1 moles) in dry DMF (52.5 ml) (total volume of 
DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 
5 cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 89 % and the n. re d. = 047 dL/g. The 
10 copolymer is soluble in chloroform, THF, DMF, DMA, and DMSO. 
Example 69: 

Co-poly-{[N,N'-(3-oxapentyiene-1,5-dioxydicarbonyl)-bis-(L-leucine)-1,6- 
hexylene diester] 080 -[N a ,N e -(3-oxapentylene-1 ,5-dioxydicarbonyl)-L-lysine n- 
hexadecyl ester] 020 } 

15 Dry triethylamine (30.8 ml, 0.22 moles) is added to a mixture of a di-p- 

toluenesulfonic acid salt of a bis-(L-leucine)-1 ,6-hexylene diester (Formula (la) 
where R 1 and R 2 are both -CH 2 CH(CH 3 ) 2 and R 3 is -(CH 2 ) 6 -) (55.1128 g, 0.08 moles); 
a di-p-toluenesulfonic acid salt of a L-lysine n-hexadecyl ester (Formula (IV) where 
R 9 is -CH- and R 10 is -C(0)-0-C 16 H 33 ) (14.3008 g, 0.02 moles) (total amount of the 

20 salts is 0.1 moles); and an active bis-carbonate (Formula (III) where X is 

-0-C 6 H 4 -N0 2 and R 8 is -(CH 2 ) 2 -0-(CH 2 ) 2 -) (43.633 g, 0.1 moles) in dry DMF (52.5 ml) 
(total volume of DMF and Et 3 N is 83.3 ml) at room temperature. 

The temperature of the reaction mixture is increased to about 90 °C and 
stirred for about 12 hours. The reaction product is then cooled to room temperature, 

25 cast as a thin film onto the smooth surface, and washed with water. The polymeric 
product obtained thereby is dried at 30 to 40 °C under reduced pressure. The 
resulting polymer product is extracted with ethylacetate or butylacetate at room 
temperature. After purification, until a negative test result for p-nitrophenol and p- 
toluenesulfonic acid is received, the yield is 90 % and the n re d. = °-40 dL/g. The 

30 copolymer is soluble in chloroform, THF, DMF, DMA, and DMSO. 
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Properties of PEAs and PEURs: 

Solubility and Molecular Weight Characteristics 

The polymers of the present invention, as noted above, are soluble in organic 
solvents like chloroform, DMF, DMA, DMSO, and most of them in THF. They have a 
Mw in the range of about 5,000 to about 400,000 daltons. In another embodiment, 
the polymers according to Formula (C) have a Mw of about 10,000 to about 200,000 
daltons, even about 20,000 to about 100,000 daltons. In one embodiment, the 
polymers of the present invention have a narrow polydispersity - Mw/Mn equals 1 ,0 
to about 2.0, even about 1.25 to about 1.9, or even 1.5 to about 1.8. 

Thermal Properties 

The polymers of the present invention possess low glass transition 
temperatures (T g = about 5 °C to about 60 °C). The glass transition temperature of 
the polymers of the present invention is determined using a Perkin-Elmer DSC-7 
under a nitrogen gas flow. Due to the hydrophilic nature of some PEAs such 
samples should be heated prior to determining a PEAs glass transition temperature 
to remove any absorbed water, then cooled, and reheated again at a heating/cooling 
rate of 20 °C/min. The thermal data from the second DSC scan should be used in 
such cases. 

Additionally, r\ re6 for the polymers of the present invention can be determined 
in /7?-cresol at a concentration of 0.5 g/dL at 25 °C. 

Mechanical Properties 

The polymers of the present invention exhibit a wide range of mechanical 
properties depending on the composition the monomers used therein to produce the 
polymers. For example, the homopoly(ester amide)s - poly-[N,N'-sebacoyl-bis-(L- 
phenylaianine)-1 ,6-hexylene diester] and poly-[N,N'-adipoyl-bis-(L-phenylalanine)- 
1 ,6-hexylene diester] show an elongation at break of 5 - 10% and 4 - 6%, 
respectively. After modification of this polymer according to Examples 13 to 18 (See 
Table 1) and Examples 27 to 29 (See Table 2) the elongation at break increases. In 
one embodiment, the higher the leucine content in the copolymer, the higher the 
elongation at break. 
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TABLE 1 





Polymer 


Tensile 

Strength 

(kg/cm 2 ) 


Elongation 
at Break 

(%) 




Pnlv-FN N'-^ebanovI-bis-fL-nhenvlalanineVI 6- 
hexylene diester] 


415 ± 23 


7.5 ±2.5 


5 


Example 13: 

Co-poly-{[N , N-sebacoy l-[bis-(L-phenylalanine)-1 ,6- 

hpyvlpnp dipstprll -rN N f -sebacovl-rbis-(L-leucineV- 

1 ,6-hexylene diester]] 0 10 } 


338 ± 32 


15 ±5 


10 


Example 14: 

Co-poly-ffN^-sebacoyKbis^L-phenylalanine)-!^- 

hoYwbnp Hi<act<arn -FN N'-Qphamx/Urhte-n -IpunineV- 

ilcAy lc?f l££ vJlfcJoLd JJo,80 L* '» -ocuciouy i [Uio ^i— icuun ic/ 

1 ,6-hexylene diester]] 0>20 } 


325 ± 17 


72 ± 12 


1 R 
I D 


Example 15: 

Co-poly-{[N,N-sebacoyl-[bis-(L-phenylaIanine)-1,6- 

I lt?Ay It? 1 It? Ulwolui JJo.60 L 1 ^ 1 1 ocuawuyi l^io V 1 — 

1,6-hexylene diester]] 0 , 40 } 


223 ± 19 


105 ±6 


20 


Example 16: 

Co-poly-{[N,N-sebacoyKbis-(L-phenylalanine)-1,6- 
nexyiene uiesxer jJo.40 l»n,i>i -oeuaouyi-[uio-^L.-icu^iiic; i j 
1,6-hexylene diester]] 0 60 } 


213 ±26 


152 ± 14 




Example 17: 

Co-poly-ltN^'-sebacoyKbis-CL-phenylalanineVI^- 
1 ,6-hexylene diester]] a80 } 


184 ± 17 


189 ±22 


25 


Examnle 18* 

Co-poly-{[N,N'-sebacoyl-[bis-(L-phenylalanine)-1 ,6- 
hexylene diester]] 0 . 10 -[N,N'-sebacoyl-[bis-(L-leucine)- 
1 ,6-hexylene diester]] 0 90 } 


162 ±21 


193 ± 19 


30 


Poly-N,N'-sebacoyl-[bis-(L-leucine)-1 ,6-hexylene 
diester] 


139 ±28 


215 ±38 
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TABLE 2 



Polymer 


Tensile 
Strength 
(kg/cm 2 ) 


Elongation 
at Break 

(%) 


Poly-[N,N'-adipoyl-bis-(L-phenyla)anine)-1 ,6- 
hexylene diester] 


658 ± 23 


5 ± 1 


Example 27: 

Co-poly-^N^-adipoyl-bis^L-phenytalanine)-!^- 
hexvlene diesterln fl n-fN a N e -adiDovl~L-lvsine n-octvi 
ester] 020 } 


480 ± 28 


25 ±4 


Example 28: 

Co-poly-nN^-adipoyl-bis^L-phenylalanine)-!^- 
hexvlene diesterl rtert -rN a N e -adiDOvl-L-lvsine n-octvl 
ester] 040 } 


388 ± 22 


66 ±14 


Example 29: 

Co-poly-{[N,N'-adipoyl-bis-(L-phenylalanine)-1,6- 
hexylene diester] 040 -[N a ,N e -adipoyl-L-lysine n-octyl 
ester] 060 } 


266 ± 19 


95 ± 16 



Hvdrophobic/hvdrophilic properties 
For this comparison the polymeric products described in Examples 13 to 18 
and Examples 37 to 40 are used. The polymeric products are generally formed in 

20 films which are placed in water at 37 °C, removed after about 24 hours, dried with 
filter paper and weighed. For Examples 13 to 18, the polymers with a high content 
of phenylalanine in their backbones (i.e. containing a lot of lateral benzyl groups) 
reveal high hydrophobicity. Hydrophobicity of the polymers decreases and 
hydrophilicity increases with decreasing benzyl groups content and with increasing 

25 fatty lateral groups (e.g., leucine) content in the macro chains, as is shown in Table 
3 below. 

For Examples 37 to 40, the homopolymers based on leucine reveal relatively 
high hydrophilicity. Hydrophilicity of the polymers decreases and hydrophobicity 
increases with increase of hydrophobic fatty lateral groups content in the macro- 
30 chains, as is shown below in Table 4. 
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TABLE 3 



Polymer 


Water Uptake 
(Weight %) 


Poly-N,N , -sebacoy4bis-(L-phenylalanine)-1,6-hexylene diester] 


3-5 


Example 13: 

Co-poly-^N^'-sebacoyKbis^L-phenylalanineJ-l^-hexylene 
riipsterTL^-rN N'-sebacovl^bis-fL-leucineVI .6-hexvlene 
diesterj] ai0 } 


5-6 


Example 14: 

Co-poly-{[N,N'-sebacoyl-[bis-(L-phenylalanine)-1,6-hexylene 
die»sterlL „„-rN N'-sebacovMbis-(L-leucineV1 . 6-hexvlene 
diester]] a20 } 


8-10 


Example 15: 

Co-poly-^N^-sebacoyl-tbis^L-phenylalanineJ-l^-hexylene 
Hiootfarll -TN M'-^^harnvl-rhi^-n -leucineVI 6-hexvlene 
diester]] 040 } 


13-15 


Example 16: 

Co-poly-{[N,N'-sebacoyl-[bis-(L-phenylalanine)-1,6--hexylene 
rli<aot^rll -fN N-^pharovl-Fbte-n -leucineVI 6-hexvlene 

diester]] 0 . 60 } 


16- 18 


Example 17: 

Co-poly-{[N,N'-sebacoyl-[bis-(L-phenylalanine)-1,6-hexylene 
Hie^torH _rN N'-sphaeovl-rbis-fL-leucine^-l 6-hexvlene 

UlColCI JJq 20 L » ock/wvvy i j^wio yi— ivuwii ivy i > v -' 1 lv/x / lv 

diester]] 080 } 


18 - 20 


Example 18: 

Co-poly^N.N'-sebacoyKbis^L-phenylalanine^I.e-hexylene 

diester]] 0 . 1 o-[N,N'-sebacoyl-[bis-(L-leucine)-1,6-hexylene 

diester]]o.9o} 


20-22 


Poly-N,N'-sebacoyl-[bis-(L-leucine)-1 ,6-hexylene diester] 


20-24 
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TABLE 4 



Polymer 


Water Uptake 
(vveignt /o) 


Poiy-N^'-sebacoyKbis^L-leucine)^ ,6-hexylene diester] 


20-24 


Examole 37: 

Co-poly-{[N,N'-sebacoyl-bis-(L-leucine)-1 ,6-hexylene 
diester] 0 . 90 -[N a ,N e -sebacoyl-L-lysine n-octyl ester] 010 } 


12±4 


FxamDle 38' 

Co-poly-{[N,N'-sebacoyl-bis-(L-leucine)-1 ,6-hexylene 
diester] 0 .8o-[N a ,N E -sebacoyl-L-lysine n-octyl ester] 0 20 } 


10±4 


Example 39: 

Co-poly-{[N ,N'-sebacoyl-bis-(L-leucine)-1 ,6-hexylene 
diester] 0 . 60 -[N a ,N E -sebacoyl-L-lysine n-octyl ester] 0 . 40 } 


6 ±2 


Example 40: 

Co-poly-{[N,N'-sebacoyl-bis-(L-leucine)-1 ,6-hexylene 
diester] 040 -[N a ,N e -sebacoyl-L-lysine n-octyl ester] 06 o} 


5±2 



In Vitro Biodearadation: 

In vitro biodegradation studies are performed by weight loss. Standard films 
with d = 4 cm and m = 450 to 550 mg (cast onto Teflon® backings as described 
below) are placed into the glass vessels containing about 10 ml of 0.2 M phosphate 
buffer solution with a pH of about 7.4 (either pure buffer or buffer containing 4 mg of 
an enzyme - a-chymotrypsin or lipase) and are exposed to a temperature of about 
37 °C. The films which are impregnated with enzymes are exposed to pure buffer. 
The films are removed from the solutions after a predetermined amount time 
(normally about 24 hours), dried with filter paper and weighed. The buffer or 
enzyme solution in the buffer is changed every 24 hours. The biodegradation study 
is conducted for about 120 hours (about 5 days). The biodegradation rate is 
assessed in mg of weight loss per cm 2 of the film surface in hours (mg/(cm 2 • h). 

The preparation of the samples for this study are produced as follows. A 
given amount of polymer is dissolved in chloroform (about 1 g in 10 ml) and Teflon® 
films (d = 4 cm and thickness 1-2 mm) are submerged into this solution, removed 
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and the chloroform evaporated to dryness. This procedure is repeated until the 
weight of the polymer on the Teflon® backing reaches about 450 to about 550 mg. 

For preparing the films impregnated with enzymes, the desired enzyme (2 to 
1 0 mg of enzyme per 1 g of polymer) is added to the polymer solution as a fine 
powder and then the films are prepared by sinking Teflon® films into the 
enzyme/polymer mixture described above. 

This technique can also be used to produce medicated wound coverings with 
a variety of additives (i.e., enzymes, antibiotics, pain killers, cancer drugs, etc.), 

The incorporation of various a-amino acids' residues into polymeric 
backbones can impart biodegradation to polymers which normally reveal low 
tendency to biodegradation. For example, a homopoly(ester amide) based on 
isoleucine and valine reveals a low tendency to ochymotrypsin catalyzed 
biodegradation. After the incorporation of phenylalanine residues into the polymeric 
backbone the biodegradation rate increases, as is shown below in Table 5 with 
regard to Examples 3 to 6. 
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TABLE 5 



Pnlx/rripr 

i ui y 1 1 ici 


a-ChvmotrvDsin 

Catalyzed 
Biodegradation 
Rate 
(mg/cm 2 • h) 


Poly-N,N*-adipoyl-[bis-(L-valine)-1 ,4-butylene diester] 


1.4 x 1CT 4 


Poly-N,N'-sebacoyl-[bis-(L-valine)-1 ,6-hexylene diester] 


2.3 x 10" 4 


Example 3: 

Co-poly-{[N,N'-adipoyl-[bis-(L-phenylalaine)-1 ,4-butylene 

HioefiarTl -JN Kl'-dHinnx/I-Fhici-n -\/fllin*=A-1 4-hlltvlpnP 
Ul6olc?i JJo go \y* wU \\JVy 1 -[Ulo "Vdiii ic?/ I ,*+ uuiyi^iic; 

diester]] 0 . 20 } 


8.1 x 10" 4 


Example 4: 

Co-poly-{[N,N'-sebacoyl-[bis-(L-phenylalanine)-1 ,6-hexylene 

Ql©St©rjJo 80"~L"^»"^ ~ o©DaCOyi-|Ulb-\u-Vc»lll ICJJ- \ ,vj-I IcAylcM ICS 

diester]] 0 .2 0 } 


16.4 x 10' 4 


Example 5: 

Co-poly-{[N l N'-sebacoyl-[bis-(L-phenylalanlne)-1 ,6-hexylene 

Hiciofcarn fM KV c»har*r&\/l-Fhic-^l -i<^nl<=*i ipinf^-1 4-hutvlpnp 
ul©SI©r JJo qq-[IN, IN -oc?UclOUyi-[Ulo-^L.-louiC7UOii \K5} i ,*r iJUiy IC7 

diester]] 02 o} 


12.5 x 10" 4 


Example 6: 

Co-poly-{[N,N , -adipoyl-(bis-(L-phenylalanine)-1 ,4-butylene 
diester]] 0 . 8 o-[N,N'-adipoyl-[bis(L-isoleucine)-1 ,6-hexylene 

diester]] 0 . 20 } 


7.4 x 10" 4 


Poly-N,N'-adipoyl-[bis-(L-phenylalanine)-1 ,4-butylene diester] 


10.2 x 10" 4 


Poly-N,N'-sebacoyl-[bis-(L-phenylalanine)-1 ,6-hexylene 
diester] 


19.6 x 10' 4 



The content of the impregnated enzyme (enzyme loading) permits regulation 
of a wide range of biodegradation rates as is shown below for lipase in Table 6. 
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TABLE 6 



Polymer 


Impregnated 

Lipase 
in mg per 1 g 
of Polymer 


Biodegradation 
Rate (mg/cm • h) 


Example 8: 


0 


0 


Co-poly-{[N,N'-adipoyl-[bis-(L- 
phenylalanine)-1 ,4-butylene diester]] 0 80 - 
[N , N-adipoyl-[bis-(L-leucine)-1 ,6- 
hexylene diester]] 0 , 2 o} 


2 


1.6 x 10' 2 


4 


3.3 x 10' 2 


6 


4.5 x 10' 2 


8 


5.6 x 10- 2 


10 


7.2 x 10' 2 



With regard to Examples 26 to 28, the copolymers show an tendency to 
lipase catalyzed biodegradation similar to that of the corresponding homopolymer, 
as it is shown below in Table 7. 



TABLE 7 



Polymer 


a-Chymotrypsin 

Catalyzed 
Biodegradation 
Rate 

i (mg/cm 2 • h) 


Poly-[N,N'-adipoyl-[bis~L~phenylalanine)-1,6-hexylene 
diester] 


(7.5 ± 0.2) x 10" 2 


Example 26: 

Co-poIy-{[N,N l -adipoyl-bis-(L-phenylalanine)-1,6-hexylene 
diester] 090 -[N a ,N e -adipoyl-L-lysine n-octyl ester] 010 } 


7.2 x 10- 2 


Example 27: 

Co-poly-{[N,N'-adipoyl-bis-(L-phenylalanine)-1,6-hexylene 
diester] a80 -[N a ,N e -adipoyl-L-lysine n-octyl ester] 0 20 } 


6.5 x 10" 2 


Example 28: 

Co-poly-dN^-adipoyl-bis^L-phenylalanine^l^-hexylene 
diester] 060 -[N a l N E -adipoyl-L-lysine n-octyl ester] a40 } 


6.3 x 10- 2 
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One manner in which films can be produced from the any of the polymer 
compositions described herein for biodegradation studies is discussed below. 

The polymers of the present invention can be used to form, for example, 
medicated wound coverings using the following process. A solution of any polymer 
5 according to the present invention is formed by dissolving the desired polymer into a 
suitable solvent (e.g., chloroform, THF, DMF, DMA, DMSO, ethanol, etc.) and 
Teflon® films (d = 4 cm and thickness 1 - 2 mm) are submerged into this solution, 
removed and the solvent evaporated to dryness. This procedure is repeated until 
the weight of the polymer on the Teflon® backing reaches about 450 to about 550 
10 mg. 

For preparing the films impregnated with enzymes, a desire amount of any 
suitable additive (e.g., about 2 to about 10 mg of enzyme per about 1 g of polymer) 
is added to the polymer solution in any suitable form (e.g., a powder, liquid, solid, 
gas, etc.) and then the films are prepared by sinking Teflon® films into the additive/ 

15 polymer mixture described above. Such additives include, but are not limited to, 
enzymes, antibiotics, pain killers, cancer drugs, amino acids and anesthetics. 

As is discussed above, the polymers of the present invention can be used for 
a wide variety of applications. Such applications include, but are not limited to, 
sutures, scaffolds (be they medical or otherwise), ligating clips and staples, surgical 

20 tubes or catheters, orthopedic implants, barriers to prevent tissue adhesion, vascular 
grafts, stent coatings (medicated or non-medicated), artificial skin (medicated or 
non-medicated), bone substitutes, self-reinforced composites, temporary templates 
for cell growth, temporary contraceptives (e.g., stoppers for closing a fallopian tube, 
etc.), tampons, biodegradable time release patches (e.g., patches for use with one 

25 or more drugs, physiologically active substances and bactericides), artificial glands 
for releasing bio-active peptides and/or proteins, biodegradable packaging (for 
agricultural, food service, or any other packaging use), and biodegradable polymer 
protection films for use in protecting articles from a wide range of environmental 
factors (e.g., corrosion protection, water damage protection, etc.) 
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Films made from the polymers of the present invention can have additives 
added thereto to impart certain characteristics to the films. Such additives include, 
but are not limited to, any and all additives which may impart such polymers films 
with one or more anti-static, anti-mildew and/or anti-corrosion properties. For 
example, a volatile corrosion inhibitor could be added to a polymer film produced 
from one or polymers according to the present invention. Any suitable corrosion 
inhibitor can be used. United States Patent Nos. 4,290,912; 5,320,778; and 
5,855,975 disclose vapor phase or volatile corrosion inhibitors and are incorporated 
herein by reference in their entirety for their teachings of such compounds. 

As noted above, the polymer compositions of the present invention can be 
used to form controlled release devices. Such devices allow for the controlled 
release of a desired compound and/or compounds over an extended period of time. 

A wound covering produced using a polymer composition according to the 
present invention is detailed in Figure 1- 3. Figure 1 shows a cross-sectional view 
of a wound covering 100 made in accordance with the above method using a 
polymer 102 according to the present invention and four additives therein (i.e., a 
bacteriophage 104, an antibiotic 106, an anesthetic 108, and an enzyme 110). It 
should be noted that although a specific combination of additive is discussed above, 
any suitable combination of additives can be used depending upon the final use 
intended for the polymer product. 

The wound covering 100 of Figure 1 utilizes can optionally include a support 
film made of Teflon® (or any other suitable support film). Alternatively, it is also 
possible to forego the use of a support film (such as Teflon®) and form a film from 
the solution of biodegradable polymer and any additives added thereto. 

Figure 2 depicts a process for making a biodegradable polymer film for use as 
a wound covering using at least one polymer according to the present invention 
which does not require the use of a support film. The polymer films according to the 
method of Figure 2 are produced by dissolving one or more polymer composition 
according to the present invention in a suitable organic solvent and, optionally, 
adding to the solution 101 any desired additives. Next, the solution is, for example, 
cast into a thin film by pouring a polymer solution (which may or may not contain 
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additives therein) into, for example, a suitable mold and removing the solvent 
therefrom by any suitable method (e.g., by evaporation, heating, etc.). If a support 
layer is utilized, then the support layer can be submerged into the solution of 
polymer and, optionally, additive(s), and allowing the support layer the dry. 

The wound covering 100 of Figures 1-3 may be perforated with suitable sized 
holes 120 to provide breathability and to allow the migration of gases such as water 
vapor. The holes 120 formed in the wound covering 100 can be any suitable size so 
long as the serve to not only allow air to pass through the wound covering and reach 
the wound, but also allow gases such as water vapor to pass through the wound 
covering in either direction. 

Although the invention has been shown and described with respect to certain 
embodiments, equivalent alterations and modifications would be apparent to others 
skilled in the art upon the reading and understanding of this specification. In 
particular with regard to the various functions performed by the above described 
components, the terms used to describe such components are intended to 
correspond, unless otherwise indicated, to any component which performs the 
specified function of the described component (e.g., that is functionally equivalent), 
even though not structurally equivalent to the disclosed structure which performs the 
function in the herein illustrated exemplary embodiments of the invention. In 
addition, while a particular feature of the invention may have been disclosed with 
respect to only one of several embodiments, such feature may be combined with 
one or more other features of the other embodiments as may be desired and 
advantageous for any given or particular application. 
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CLAIMS 

What is claimed is: 

1 . A co-poly(ester amide) composition which contains at least two amino 
acid sub-components comprising: 

repeating units according to the following formula: 

-{-[-C(0)-R 7 -C(0)-NH-CH(R 1 )-C(0)-0-R 3 -0-C(0)-CH(R 2 )-NH-] a 

[-C(0)-R 7 -C(0)-NH-CH(R 4 )-C(0)-0-R 6 -0-C(0)-CH(R 5 )-NH-] b -}„ - (A) 

where R\ R 2 , R 4 and R 5 are independently selected from -CH 3 , -CH 2 CH 3 , 
linear and branched C 3 to C 20 alkyl, C 2 to C 3 thioalkyl, linear or branched C 4 to C 20 
thioalkyl, -CH 2 -C 6 H 5 , -CH 2 -CH 2 -C 6 H 5 , and linear and branched C 3 -C 20 alkyl with at 
least one terminal phenyl group; R 3 and R 6 are independently selected from -(CH 2 ) X -, 
where x is from 2 to about 40; R 7 is selected from -(CH 2 ) y -, where y is from 2 to 
about 40; n is from about 10 to about 1,000; the ratio of a/b is in the range of about 
90:10 to about 10:90; and at least one of R\ R 2 , R 3 or the first R 7 is different from at 
least one of R 4 , R 5 , R 6 or the second R 7 . 

2. The composition of claim 1 , wherein the at least two amino acid sub- 
components are identical. 

3. The composition of claim 1, wherein the at least two amino acid sub- 
components are different. 

4. The composition of claim 1 , wherein the ratio of a/b is about 80:20 to 
about 20:80. 

5. The composition of claim 1 , wherein the ratio of a/b is about 60:40 to 
about 40:60. 
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6. The composition of claim 1 , wherein n is about 20 to about 500. 

7. The composition of claim 1 , wherein n is about 30 to 300. 

8. The composition of claim 1 , wherein R\ R 2 , R 4 and R 5 are 
independently selected from -CH 3 , -CH 2 CH 3 , linear and branched C 3 to C 6 alkyl, - 
CH 2 -CH 2 -S-CH 3l and -CH 2 -C 6 H 5 . 

9. The composition of claim 1 , wherein R 3 and R 6 are independently 
selected from -(CH 2 ) X -, where x is from 2 to about 12. 

10. The composition of claim 1, wherein R 7 is selected from -(CH 2 ) y -, 
where y is from 2 to about 20. 

11. A co-poly(ester amide) composition which contains at least two amino 
acid sub-components comprising: 

repeating units according to the following formula: 

-{-[~C(0)-R 7 -C(0)-NH-CH(R 1 )-C(0)-0-R 3 -0-C(0)-CH(R 2 )-NH-] c 

[-C(O)-R 7 -C(O)-NH-CH(R 10 )-R 9 -NH-] d -} n - (B) 

where R 1 and R 2 are independently selected from -CH 3 , -CH 2 CH 3 , linear and 
branched C 3 to C 20 alkyl, C 2 to C 3 thioalkyl, linear or branched C 4 to C 20 thioalkyl, 
-CH 2 -C 6 H 5 , -CH 2 -CH 2 -C 6 H 5 , and linear and branched C 3 -C 20 alkyl with at least one 
terminal phenyl group; R 3 is selected from -(CH 2 ) X ~, where x is from 2 to about 40; R 7 
is independently selected from -(CH 2 ) y -, where y is from 2 to about 40; R 9 is selected 
from -(CH 2 ) f , where r is from 1 to about 40; R 10 is selected from -C(0)-0-C m H 2m+1 
where m is 1 to about 60, and ~C(0)-0-R" where R" is selected from hydrogen, 
CH 2 -C 6 H 5 , -CH 2 -CH 2 -C 6 H 5 , linear and branched C 3 -C 20 alkyl with at least one 
terminal phenyl group; n is about 10 to about 1,000; and the ratio of c/d is in the 
range of about 80:20 to about 20:80. 
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12. The composition of claim 1 1 , wherein the at least two amino acid sub- 
components are identical. 

13. The composition of claim 1 1 , wherein the at least two amino acid sub- 
components are different. 

14. The composition of claim 1 1 , wherein the first R 7 is identical to the 
second R 7 . 

15. The composition of claim 11, wherein the first R 7 group is different than 
the second R 7 group. 

16. The composition of claim 1 1 , wherein the ratio of c/d is about 70:30 to 
about 30:70. 

17. The composition of claim 1 1 , wherein the ratio of c/d is about 60:40 to 
about 40:60. 

18. The composition of claim 1 1 , wherein n is about 20 to about 500. 

19. The composition of claim 1 1 , wherein n is about 30 to 300. 

20. The composition of claim 1 1 , wherein R 1 and R 2 are independently 
selected from -CH 3 , -CH 2 CH 3 , linear and branched C 3 to C 6 alkyl, -CH 2 -CH 2 -S-CH 3 , 
and -CH 2 -C 6 H 5 . 

21 . The composition of claim 1 1 , wherein R 3 is selected from -(CH 2 ) X -, 
where x is from 2 to about 12. 

22. The composition of claim 1 1 , wherein R 9 is selected from -(CH 2 ) r , 
where r is 4. 
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23. The composition of claim 1 1 , wherein R" is selected from hydrogen, 
-CH 2 -C 6 H 5 , and -C(0)-0-C m H 2m+1 , where m is 1 to about 40. 

24. A co-poly(ester urethane) composition which contains at least two 
amino acid sub-components comprising: 

repeating units according to the following formula: 

-H-C(0)-0-R 8 -0-C(0)-NH-CH(R 1 )-C(0)-0-R 3 -0-C(0)-CH(R 2 )-NH-L 

• • • -[-C(0)-0-R 8 -O^C(0)«NH-CH(R 4 )«C(0)-0-R 6 -0-C(0)-CH(R 5 )-NH-] r } n ^ (C) 

where R\ R 2 , R 4 and R 5 are independently selected from -CH 3 , -CH 2 CH 3 , 
linear and branched C 3 to C 20 alkyl, C 2 to C 3 thioalkyl, linear or branched C 4 to C 20 
thioalkyl, -CH 2 -C 6 H 5 , -CH 2 -CH 2 -C 6 H 5 , and linear and branched C 3 -C 20 alkyl with at 
least one terminal phenyl group; R 3 and R 6 are independently selected from -(CH 2 ) X -, 
where x is from 2 to about 40; R 8 is selected from -(CH 2 ) Z -, where z is from 2 to 
about 40, and -(CH 2 ) r O-(CH 2 ) k -, where j and k are independently selected from 1 to 
about 20; n is about 10 to about 1 ,000; and the ratio of e/f is in the range of about 
90:10 to about 10:90; and at least one of R 1 , R 2 , R 3 or the first R 8 is different from at 
least one of R 4 , R 5 , R 6 or the second R 8 . 

25. The composition of claim 24, wherein the at least two amino acid sub- 
components are identical. 

26. The composition of claim 24, wherein the at least two amino acid sub- 
components are different. 

27. The composition of claim 24, wherein the ratio of e/f is about 80:20 to 
about 20:80. 

28. The composition of claim 24, wherein the ratio of e/f is about 60:40 to 
about 40:60. 
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The composition of claim 24, wherein n is about 20 to about 500. 



30. The composition of claim 24, wherein n is about 30 to 300. 

31 . The composition of claim 24, wherein R\ R 2 , R 4 and R 5 are 
independently selected from -CH 3 , -CH 2 CH 3 , linear and branched C 3 to C 6 alkyl, - 
CH 2 -CH 2 -S-CH 3 , and -CH 2 -C 6 H 5 . 

32. The composition of claim 24, wherein R 3 and R 6 are independently 
selected from -(CH 2 ) X -, where x is from 2 to about 12. 

33. The composition of claim 24, wherein R 8 is selected from -(CH 2 ) 2 -, 
where z is from 2 to about 12, and -(CH 2 ) 2 -0-(CH 2 ) 2 -. 

34. A co-poly(ester urethane) composition which contains at least two 
amino acid sub-components comprising: 

repeating units according to the following formula: 

-H-C(0)-0-R 8 -0-C(0)-NH~CH(R 1 )-CO-0-R 3 -0~CO-CH(R 2 )-NH-] g 

• • • -[-C(O)-O~R 8 -O-C(O)-NH-CH(R 10 )-R 9 -NH-] h -} n - (D) 

where R 1 and R 2 are independently selected from -CH 3 , -CH 2 CH 3 , linear and 
branched C 3 to C 20 alkyl, C 2 to C 3 thioalkyl, linear or branched C 4 to C 20 thioalkyl, 
-CH 2 -C 6 H 5 , -CH 2 -CH 2 -C 6 H 5 , and linear and branched C 3 -C 20 alkyl with at least one 
terminal phenyl group; R 3 is selected from -(CH 2 ) X -, where x is from 2 to about 40; 
each R 8 is independently selected from ~(CH 2 ) Z -, where z is from 2 to about 40, and - 
(CH 2 ) r O-(CH 2 ) k -, where j and k are independently selected from 1 to about 20; R 9 is 
selected from -(CH 2 ) r , where r is from 1 to about 40; R 10 is selected from -C(0)-0 
C m H 2m+1 where m is 1 to about 60, and -C(0)-0-R" where R" is selected from 
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hydrogen, -CH 2 -C 6 H 5 , -CH 2 -CH 2 -C 6 H 5 , linear and branched C 3 -C 20 alkyl with at least 
one terminal phenyl group; n is about 10 to about 1 ,000; and the ratio of g/h is in the 
range of about 80:20 to about 20:80. 

35. The composition of claim 34, wherein the at least two amino acid sub- 
components are identical. 

36. The composition of claim 34, wherein the at least two amino acid sub- 
components are different. 

37. The composition of claim 34, wherein the first R 8 is identical to the 
second R 8 . 

38. The composition of claim 34, wherein the first R 8 group is different than 
the second R 8 group. 

39. The composition of claim 34, wherein the ratio of g/h is about 70:30 to 
about 30:70. 

40. The composition of claim 34, wherein the ratio of g/h is about 60:40 to 
about 40:60. 

41. The composition of claim 34, wherein n is about 20 to about 500. 

42. The composition of claim 34, wherein n is about 30 to 300. 

43. The composition of claim 34, wherein R 1 and R 2 are independently 
selected from -CH 3 , ~CH 2 CH 3 , linear and branched C 3 to C 6 alkyl, -CH 2 -CH 2 -S-CH 3 , 
and -CH 2 -C 6 H 5 . 
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44. The composition of claim 34, wherein R 3 is selected from -(CH 2 ) X -, 
where x is from 2 to about 12. 



45. The composition of claim 34, wherein R 9 is selected from -(CH 2 ) r , 
where r is 4. 

5 46. The composition of claim 34, wherein R" is selected from hydrogen, 

-CH 2 -C 6 H 5 , and -C(0)-0-C m H 2m+1 , where m is 1 to about 40. 

47. The composition of claim 34, wherein R 8 is selected from -(CH 2 ) Z -, 
where z is from 2 to about 12, and -(CH 2 ) 2 -0-(CH 2 ) 2 -. 

48. A method for producing biodegradable polymers comprising the steps 

10 of: 

(A) combining at least one di-p-toluenesulfonic acid salt of a bis-(a-amino 
acid) a,w-alkylene diesters according to Formulas (la) and/or (lb) and optionally at 
least one di-p-toluenesulfonic acid salt of an ester according to Formula (IV) with at 
least one active diester according to Formula (II) or at least one active bis-carbonate 
15 of a diol according to Formula (III): 



TosOH • H 2 N-CH(R 1 )-C(0)-0-R 3 -0-C(0)-CH(R 2 )-NH 2 • HOTos (la) 

TosOH • H 2 N-CH(R 4 )-C(0)-0-R 6 -0-C(0)-CH(R 5 )-NH 2 • HOTos (lb) 

X-C(0)-R 7 -C(0)-X (II) 

X-C(0)-0-R 5 -0-C(0)-X (HI) 

20 TosOH • H 2 N-CH(R 10 )-R 9 -NH 2 • HOTos (IV) 



where R\ R 2 , R 4 and R 5 are independently selected from -CH 3 , -CH 2 CH 3 , 
linear and branched C 3 to C 20 alkyl, C 2 to C 3 thioalkyl, linear or branched C 4 to C 20 
thioalkyl, -CH 2 -C 6 H 5l -CH 2 -CH 2 -C 6 H 5 , and linear and branched C 3 -C 20 alkyl with at 
least one terminal phenyl group; R 3 and R 6 are independently selected from -(CH 2 ) X -, 
25 where x is from 2 to about 40; R 7 is selected from -(CH 2 ) y -, where y is from 2 to 
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about 40; X is -0-C 6 H 4 -N0 2 ; R 8 is selected from -(CH 2 ) Z -, where z is from 2 to about 
40, and -(CH 2 )j-0-(CH 2 ) k -, where j and k are independently selected from 1 to about 
20; R 9 is selected from -(CH 2 ) r , where r is from 1 to about 40; and R 10 is selected 
from -C(0)-0-C m H 2m+1 , where m is 1 to about 60, and -C(0)-0-R" where R" is 
5 selected from hydrogen, -CH 2 -C 6 H 5 , -CH 2 -CH 2 -C 6 H 5 , linear and branched C 3 -C 20 
alkyl with at least one terminal phenyl group; 

(B) adding a tertiary amine initiator to the mixture of (A); 

(C) mixing the mixture of (B) at room temperature while increasing the 
temperature of the mixture to a temperature in the range of about 60 °C to about 

10 120 °C; 

(D) subjecting the mixture of (B) to mixing at the final temperature of (C) 
for about 8 to about 16 hours; and 

(E) separating the polymer from the reaction by-products to yield a 
polymer product. 

15 49. The method of claim 48, wherein the final temperature for step (C) is 

about 85 °C to about 95 °C and the time for step (D) is about 1 1 to about 13 hours. 

50. The method of claim 48, wherein the combination in step (A) is one 
diester according to Formula (la), one diester according to Formula (lb) and one 
active diester according to Formula (II), wherein at least one of R\ R 2 or R 3 is 

20 different from at least one of R 4 , R 5 or R 6 . 

51 . The method of claim 48, wherein the combination in step (A) is one 
diester according to Formula (la) or (lb) and two active diesters according to 
Formula (II), wherein the R 7 groups in the active diesters according to Formula (II) 
are different 

25 52. The method of claim 48, wherein the combination in step (A) is one 

diester according to Formula (la) or (lb), one diester according to Formula (IV) and 
one active diester according to Formula (II). 
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53. The method of claim 48, wherein the combination in step (A) is one 
diester according to Formula (la), one diester according to Formula (lb) and one 
active bis-carbonate according to Formula (III), wherein at least one of R\ R 2 or R 3 is 
different from at least one of R 4 , R 5 or R 6 . 

54. The method of claim 48, wherein the combination in step (A) is one 
diester according to Formula (la) or (lb) and two active bis-carbonates according to 
Formula (III), wherein the R 8 groups in the active diesters according to Formula (III) 
are different. 

55. The method of claim 48, wherein the combination in step (A) is one 
diester according to Formula (la) or (lb), one diester according to Formula (IV) and 
one active bis-carbonate according to Formula (III). 
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